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A CAHNERS PUBLICATION 


To provide a genuine local source 
of products that will keep you 
competitive, Fujitsu has 
committed to major investments 
in VLSI design, European-based 


manufacturing facilities and people. 


ASIC design centres in Manchester, 
Maidenhead, Frankfurt, Munich, 
Paris, Zurich, Copenhagen, Milan 
and Eindhoven have been 
established to reinforce Fujitsu’s 
long and successful partnership 


with European industry. 


Our newly expanded VLSI Design 
Centre in Manchester develops 
ISDN, telecomms and complex 
ASIC products designed 


specifically for European standards. 


The latest phase of our current 
European investment programme 
is a State-of-the-art waler 


fabrication plant. 


Ask for our ASIC capability 
brochure and see how Fujitsu’s 


European presence can work 


for you. 


MICROPROCESSOR TELECOM GATE ARRAY DRAM DSP MICROPROCESSOR 


NETHERLANDS: Fujitsu Benelux, Europalaan 26A, 5623 LJ Eindhoven. Phone: (040) 447440. Telex: 59265. Fax: (040) 444158. SCANDINAVIA: Fujitsu Microelectronics Ltd. 
Torggatan 8, 17154 Solna. Phone: (8) 7646365. Telex: 18411. Fax: (8) 280345. UNITED KINGDOM: Fujitsu Microelectronics Ltd., Hargrave House, Belmont Road, Maidenheac 
Berkshire SL6 6NE. Phone: (0628) 76100. Telex: 848955. Fax: (0628) 781484. 
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ATE ARRAY TELECOM EPROM 


GERMANY: Fujitsu Mikroelektronik GmbH, Lyoner Strasse 44-48, Arabella Center 9. OG 6000 Frankfurt 71. Phone: (069) 66320. Telex: 411963. Fax: (069) 6632122. Fujitsu 
Mikroelektronik GmbH, Carl-Zeiss-Ring II, 8045 Ismaning. Phone: (089) 9609440. Teletex: (17) 897446. Fax: (089) 96094422. Fujitsu Mikroelektronik GmbH, Am Joachimsberg 
10-12,7033 Herrenberg, Phone: (07032) 4085 Fax: (07032) 4088. FRANCE: Fujitsu, Immeuble Le Trident 3-5, Vole Félix Eboué, 94024 Creteil Cedex. Phone: (1) 42078200. 
Telex: 262861. Fax: (1) 42077933. ITALY: Fujitsu Microelectronics, Italia $.R.L. Centro Direzionale Milanofiori, Strada 4— Palazzo A 2, 1-20094 Assago (Milano). 

Phone: (2) 8246170/176. Telex: 318546. Fax: (2) 8246189. 
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Tests great. 
Less filling. 


Pack up to eight instruments All backed by one company— With its functional front panel 
into a single 7” chassis. Wavetek, the experts in source for debugging, GPIB, optional 

Model 680 is a high perform- _ technology. MATE-CIIL capability, and built-in 
ance modular instrument that is And all for less money than testing, calibration and reference, 
available now. youd pay for the individual Model 680 is ideal for ATE 

It includes the only instruments. applications. 
Arbitrary / Waveform Generator Buy just the instruments you And think of the ways you can 
available with MATE-CIIL. Plus a need today, and add more later. use the extra rack space! 
100 MHz Pulse Generator, a high-. An internal analog summing bus Call (619) 279-2200 today for 
accuracy 6% digit DMM and a lets you combine outputs from detailed literature, application 
160 MHz Frequency Time Interval multiple Arbitrary Generators and assistance, or to arrange a demo 
Counter. Pulse Generators to create of the Model 680. 

complex sources. 


Circle 19 for Literature 


Circle 20 for Demonstration WA eH ‘ 
© Copyright 1989 Wavetek Corporation PV = = K 
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* 16 x 12-bit A/D * Ethernet 
* 4 x 12-bit D/A * TCP/IP onboard 


CMOS Single Board Compu- 
V B _ ter: 68HC000 (12.5/16.0 MHz) 
* 128KB-1MB CMOS SRAM 


* 0 WS * 312 KB ROM * RTC * HW Watchdog 
* 2Xser. I/O * RS232/422/485/20mA/Fiber Optic 

* 20 x TTL VO * SCSI opt. * 3 Watts only 
* Monitor, OS-9, PDOS 


Software 
and Support 
included 


Modular Computers® 


USA * Pittsburgh * Call tollfree: 
1-800-228-1737 (outside PA) 
1-800-255-1737 (inside PA) 
Germany « Kaufbeuren« Call (8341)4302-0 
France « Sévres « Call (1)45346060 

_ Sweden « Taby « Call (8)7567260 

- Benelux « Brussels « Call (2)4783416 
UK « Brighton * Call (2)73771297 
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: PDOS Trademark of Eyring Research Inc, 
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ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENcaNR noc ae eee MANAGERS 


On the cover: A universe of chips opens 
up in EDN’s 16th Annual pP/pC Chip 
Directory. Many vendors are beginning 
to realize that giving you a CPU with 
the right combination of peripherals pro- 
vides you with the greatest benefit. See 
our Special Report on pg 92. (Photo 
courtesy LSI Logic; concept and photog- 
raphy by Imagination) 
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SPECIAL REPORT 
EDN’s 16th Annual pP/pC Chip Directory 92 


General-purpose Ps and wCs are losing their general- 
purpose nature as vendors use available chip space to tailor 
a chip’s periphery for specific applications.— Michael C 
Markowitz, Associate Editor 


DESIGN FEATURES 


Algorithm facilitates image recognition 199 
and position control 


The correlation-function algorithm’s simplicity makes it an 
oft-used tool for image recognition and an effective one for 
real-time image-position control.—Alexander Brengauz, 
Consulting Engineer 


Designer’s Guide to resonant-mode 207 
power supplies—Part 2 


Part 2 of this 2-part article on resonant-mode power-supply 
design techniques outlines the control-loop, output-filter, and 
transformer designs. By choosing components and safety 
margins so that your design satisfies all the requirements 
of zero-current or zero-voltage switching, and by paying 
attention to fault-control and start-up considerations, you 
can attain the benefits of the resonant-mode technique. 

—F rederick E Sykes, Gennum Corp 
Continued on page 7 
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The R&S family of board testers 

from Europe's biggest test-equipment 
producer with more than 20 years’ 
experience in test systems: 

@ In-circuit Test Station TSI 

@® Combinational Test Station TSIC 
@ Performance Test Station TSP 


A-TSTE 


Tnone-wa0 ©6©6LFROHDE& SCHWARZ 
Tel. internat. +(49 89) 4129-0 
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TECHNOLOGY UPDATES 


VXIbus product roundup: 51 
182 VXIbus products appear from 36 firms 


Considering that the first VXIbus products appeared about 
2 years ago, the number of products currently available is a 
good omen for the future of the modular instrumentation 
standard. EDN has compiled data on VXIbus products now 
in production and those with planned first deliveries in early — 
1990.—Dan Strassberg, Associate Editor 


EDN’s first roundup of VXIbus prod- 
ucts lists 182 offerings. The number of 
products suggests that despite the new- 


ness of the modular-instrumentation Verification testers ease ASIC development Tf 
standard, the standard is headed : ‘ ; : 
success (pg 51). ba peor ad Although the advent of high-quality simulators hindered 


the growth of ASIC verification devices, these testers may 
help you alleviate common problems that arise in the ASIC 
development process.—Doug Conner, Regional Editor 


EDITORIAL 47 


Unlike entertainers, most engineers don’t get a royalty from 
the sales of the products they design. For engineers to remain 
innovative and competitive, that policy must change. 


Continued on page 9 


EDN magazine 
now offers 
Express Request, 
a convenient way 
to retrieve product 
information by 
phone. See the 
Reader Service 
Card in the front 
for details on how 
to use this free 
service. 


Cahners Publishing Company, A Division of Reed Publishing USA [1] Specialized Business 
E Magazines for Building & Construction (1) Manufacturing [) Foodservice & Lodging 
ae =xpressi im C1 Electronics & Computers 1 Interior Design (J Printing 1) Publishing CJ Industrial Research 


Request & Technology 1) Health Care 1] and Entertainment. Specialized Consumer Magazines: 
(} American Baby () and Modern Bride. 
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WE’VE DECIDED 
TO CHANGE 


RULES. AGAIN. 


In just three short years, Conner Peri- 
pherals has earned a unique reputation as a 
company that responds to its customers with 
speed and innovation. With products that 
don’t just follow the standards, but set them. 


It began with a request for smaller, 
more capable storage for portable and desk- 
top PCs. Conner responded with the first 
high-performance 3.5-inch Winchesters. 
Then it was the first l-inch high, low- 
profile drives, which turned laptops into 
serious business machines. 


Today, Conner is prepared to deliver its 
third wave of innovative disk drives to its 
customers. Drives that, once again, change 
the rules. 


Kato Series. Conner presents the first 
drive of the third wave. Our first pocket- 
sized disk drive, the 2.5-inch Kato repre- 
sents a new standard for the emerging note- 


© 1989 Conner Peripherals, Inc. 


book PC market. Providing 20MB of low 
power storage in an ultra-small, ultra-light, 


completely portable package. 


Stubby Series. These entirely new 20 and 
40MB quarter-height drives let designers pack 
their new laptop and notebook designs with 
desktop performance inside a reduced space. 
All, while operating at a cool 1.5 watts. 


Hopi Series. In its 120MB configuration, 
Hopi becomes the industry’s highest capacity 
l-inch height drive. And the new standard 
for upgrading the storage capacity of today’s 
premium laptop designs. 


Lighter. Faster. Cooler, Phinmner 
Shorter. Conner has helped its custom- 
ers to change the rules. Again. The next 
generation has begun. Call Conner and 
find out what - 
we have in store CONNER 


for you. I ey ¢ Be I Lott RD WA VE 


World Headquarters: 3081 Zanker Road, San Jose, CA 95134, Telephone: (408) 433-3340 FAX: (408) 433-3303. Sales Offices: Boston: (508) 660-1088 Dallas: (214) 680-2913 
Los Angeles: (714) 455-2777 San Jose: (408) 433-3340 Singapore: (65) 2845366 Taipei: (886) 2775-4352 Tokyo: (81) 3-597-8321 European Headquarters: (49) 89-811-2097 
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Peter DCD NEW PRODUCTS 


VP/Editor/Editorial Director 


faded pee Computers @ Peripherals . . 1 1 1 we we ee se SOD 
Joan Morrow Integrated er ee i ee . s hoe eae 
i stean Ceeetelini Components & Power Supplies. ......... . 244 
eaeciet Wiaiects CAE & Software Development Tools. ...... . 250 
Home Office Editorial Staff Test & Measurement Instruments........ . 252 


275 Washington St, Newton, MA 02158 
(617) 964-3030 


Tom Ormond, Senior Editor 
Charles Small, Senior Editor 
Jay Fraser, Associate Editor DEPARTMENTS 
John A Gallant, Associate Editor 
Michael C Markowitz, Associate Editor 


Dave Pryce, Associate Editor News. Fite ae i ne el he ew eee 25 
she fine Sthofiele, Nscoolate Ealtor Sip als Ae pe ee ee hee OF 
Jinae Watson Sulaioh Aseaclate. Editor Career: (pera i le ek i SO 
Kathleen M. Ne Mete ee scite Caltor EDN’s International Advertisers Index. ..... .270 


Helen McElwee, Senior Copy Editor 
Susan Bureau, Copy Editor 
Christine McElvenny, Senior Production Editor 
Brian Tobey, Production Editor 
Editorial Field Offices 
Steven H Leibson, Senior Regional Editor 

Boulder, CO: (303) 494-2239 COMING ATTRACTIONS 
Margery S Conner, Regional Editor 
Atascadero, CA: (805) 461-9549 


Doug Conner, Regional Editor EDN’s Product Showcase begins with the December 7, 
Atascadero, CA: (805) 461-9669 2 ° 
J D Mosley, Regional Editor 1989, issue. Part 1 of the showcase will feature staff- 
Arlington, TX: (817) 465-4961 & ° : - 
Richard A Quinnell, Regional Editor written articles and product reviews of four key technol 


Aptos, CA: (408) 685-8028 


Maury Wright, Regional Editor 
San Diego, CA: (619) 748-6785 


ogy areas: 


Contributing Editors @ Hardware and Interconnect Devices 
Robert Pease, Don Powers, pee 
a Wa @ Integrated Circuits 
Editorial Coordinator ; 
Kathy Leonard @ Power Supplies 
Editorial Services @ Software. 
Helen Benedict, Nicky Woodlock 
Art Staff : ; 
son Haslet Senler Air Discior The December 21, 1989, issue follows with Part 2 of 
SN Caibe Madan Gen Anet the showcase. This issue will feature coverage of four dif- 


Martha Crowell, Staff Artist 


Production/Manufacturing Staff 
Andrew A Jantz, Production Supervisor 


ferent technology areas of importance to EDN readers: 


Danielle M Biviano, Production Manager 2 
Deborah Hodin, Production Assistant Instruments 
Sandy Wucinich, Production Assistant & Computers and Peripherals 
Diane Malone, Composition : ‘ . 
Director of Art Department 2 Computer-Aided Engineering 
Joan Kelly 
Norman Graf, Associate ® Components. 


VP/Production/Manufacturing 


Ween KIMITENY ; Also, be sure to look for our regular departments in 
Director of Production/Manufacturing 


John R Sanders both issues. 
Business Director 


Deborah Virtue 
Marketing Communications 
Anne Foley, Promotion Manager 
Sara Morris, Marketing Services Administrator 
Gordon Keegan, Promotion Specialist 
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Its an 
Analog 


World. 


Ultimately, all circuits are analog 
circuits. That’s why you should 
step into the analog EDA world of 
Mentor Graphics. 

Here you will find advanced design 
automation that guarantees high quality 
results. Gets you to market sooner. And: 

still leaves you time to explore 
creative alternatives. 
Start with AccuSim'” a 
robust analog simulator that 
consistently converges toa 
correct result—even on designs 
containing thousands of transistors. 

Then turn to AccuParts™ This library 
of more than 2.400 discrete and integrated 
components includes a large selection of 
European and Pacific Rim parts. In fact, 
AccuParts is the most complete and accu- 
rate analog library available. 

With AccuSim and AccuParts, you 
also enjoy full integration with the far- 
reaching Mentor Graphics suite of EDA 
tools. So you have direct links to logic 
simulation, IC and PCB layout, thermal 
analysis and more. 

AccuSim and AccuParts draw you into 
a design environment that is analog at its 
core. So you can depend on the world’s 
EDA leader to keep providing the tools 
and support you need. 

For a brochure on the Mentor Graphics 
analog world, dial this digital, toll-free 
number: 1-800-547-7390. 
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» Microcontrollers, CMOS. PROMs 


AVAL — Your programming} 


FLASH PROGRAMMER 


Building on standards set by the universally 
successtul. PKW-1000 “Intelligent 
Programmer’, AVAL’s PKW-1100 
“Flash” Programmer offers.a quantum 
leap in performance to achieve 
tenfold reductions in Load-Verify 4 
times. Through interchangeable 
adapters, you can program 


EPROMs, EEPROMs, - 


and-EPLDs. The PKW-1100 uses 
"manufacturer approved algorithms to - 
maximize yields and reduce programming 
' times: For easé of usé, a large LCD and full 
menu driven command structure simplify the task 
of programmer setup and operation. For flexibility, 
Terminal and: Online modes allow you to operate 
the PKW-1100 from a remote Terminal or Host. 


| | “MULTI SET 
E[E)PROM KCONTROLLER CMOS PROM ea 
' - ADAPTER _ ADAPTER. 
~RX1 RX2 


PCMODE SOFTWARE 


PC-MODE software provides a user-friendly 
interface to your personal computer. A menu driven ° 
command structure and on-screen status simplify the 
task of programmer setup and file: management. 
For design changes, the PC-MODE screen editor 
. gives you direct access'to your program:code. It 

will also convert and output program files to your 
-PC printer port in “AVAL Binary Format”. In this 
_ format, Megabit data files can be transferred in 
under 2050€. 


TOKYO HEADQUARTERS; | 

6-16-6 Nishishinjuku, Shinjuku-ku, Tokyo. Daisan Maruzen Abide 160 
TEL. 03 (344) 2001 FAX. 03 (344) 2007 

EUROPEAN HEADQUARTERS: 

11 Deansgrange Ind. Est., Kill.Lane, Deansgrange,-Co. Dublin, Ireland 
TEL. (01) 892136 FAX. (01) 892070 TLX..90144 AVAL El 


2 


_LOG/iC. SYNTHESIS: 


__ logic-synthesis, is available on most mini-and 


- independent Macros and link.them with these 


AK ELECTRONIQUE (FRANCE) TEL : 33-145-755353 

COMELTA S. A. (SPAIN) TEL’: 341-754-3001 

ELECTRONIC A/S (NORWAY) TEL :.47-2-53-12-50 

INSTRUMATIC S. R. L. (ITALY) TEL : 39-2-3538041 

KLAASING ELECTRONICS B.*V. (NETHERLANDS) TEL : 31-1620-81600 
MICROCOMPUTING P. V. B. A. (BELGUIM) TEL.: 32-91 “312688 - 
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and development needs} 


Multi-Megabit EPROM 
densities and expanding 
PLD architectures have | 
spurred demands for © 
innovations in programmer 7 
design. Aval Corporation, 
Japan’s leading programmer 
manufacturer, now offers 
you a choice of development — 
programmers for efficient _ 
and reliable programming — 
at breakneck speeds. Our 
modular architectures 
adapt easily to suppo. 
bpd broadest range of. 
de! vice: fomeine. 2 


The AVAL-PLUS incorporates state of 
_ the art technology to support the 
' broqdest range of programming . 
requirements. Programmable 
_ pin drivers, customised 
firmware. and “1 6=Bit 
processing combine to 
eliminate overhead — 
and ensure support for 
the fastest 
” programming 
algorithms. With a choice of * 
generic adapters, you can add 
device support as you need it 
Options are available to.program 
MOS Memories (EPROMs,: EEPROMs, 
. Microcontrollers and CMOS PROMs), Bipolar 
fusible PROMs and PLDs (PAL, EPAL, IFL, PLA, 
GAL etc.). As production and development tools, the 
powertul Multi-Set gang adapter and flexible ROM 
emulator options further enhance the sibs of the — 
AVAL- Saag 
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PERE, 


LOGAC, the multipurpose design tool for universal 


microcomputer systems. It lets you describe your. 
design with an arbitrary mix of Equations, Truth 
Tables and State Machine Syntax. When you want 
to use graphic designs, LOG/iC’s “Schematic Macro 
Library” supports input of netlists from third party 
schematic editors-such as OrCad. A Block 
orientated design syntax lets you define — 


graphic blocks. LOG/iC’s Functional Verifier then 
lets you simulate your design interactively on 
screen. The same input syntax can be optimised for 
different physical implementations. 


Our worldwide distribution network has been carefully chosen for technical expertise and customer commitment; 


MSC CENTRAL (WEST GERMANY) TEL : 49-7249-7072 
NEUMEULLAR MESSTECHNIK GMBH (WEST GERMANY) 
"TEL : 49-89-612080-279 
TILE ELECTRONIK AB (SWEDEN) TEL : 08-795-5910 
WALTER REKIRSH ELECTRONICH GMBH (AUSTRIA) TEL : 02-22-235555 
ELECTRAMOTIVE COMPUTER (U. S. A.) TEL : 01-213-772-9208 
* KIJEONG TRADING COMPANY (KOREA) TEL.: 02-278-3400 
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From signal to solution — 
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Up to 500 MSA real-time sampling (PM 3323) The averaging mode eliminatesnoiseand = : ve venetpe mode makes it easy 0 log sign / 
gives a high 2 ns signal resolution optimizes signal information content ss. Variations in Oe and time 
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Li 2fo. 


We have nothing against SRAMs. 20 MHz running on regular DRAMs. 
As a matter of fact, VLSI’s SRAMs will Not premium SRAMs. Not high- 


run circles around anything most of our octane video RAMs. Just plain, everyday, 


competition has to offer. inexpensive 120ns DRAMs. 
But if you’re looking for a way to How do we do it? Simple. 
pump some speed into an embedded We used our SRAM expertise to put 
controller application and get the most cache memory on board the VL86C020. 
mileage for your money, take a look at Now 93% of the data and instructions 
the new VL86C020. needed by the processor are in the cache. 
It’s the only 32-bit RISC processor And if you think all this performance 
with the ability to go 10 MIPS at turns the VL86C020 into a power 
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guzzler, you’re wrong. Typically, it sips and more information on our entire 

half a watt. RISC family and development tools, call 
So you can forget about buffers and 1-800-872-6753, your local sales office or our 

cooling systems. authorized distributor, Schweber Electronics. 
The VL86C020 from VLSI will be Or write our Logic Products Group directly 

better down the road, too. at 8375 S. River Parkway, Tempe, AZ 85284. 
Even when our new 30 MHz version We'll show you how to get on the super- 

hits the street it will still run on the highway for embedded control. Without 

same DRAMs. And it will still use the —_ paying the toll. 

same memory interface. 


For a free brochure on the VL86C020 | 5 “<CHNOLOGY INC 


ALS e 
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TEXAS INSTRUMENTS REPORTS ON 


WHAT COUNTS 


IN THE ERA OF MEGACHIP™ TECHNOLOGIES 


World-class experience. aes moe han scan oma 


nonvolatile memories. Experience coun 
It is essential to outstanding device perfc 
mance and reliability. We’ve led the 


Door to door, we We filled move to CMOS technology and, since 


CM O S EPR OM d 1985, filled millions of EPROM and one 
time-programmable (OTP) sockets 
MOre anh worldwide. 
As a result, you have a spectrum of 
() | sockets than anybody options that you can count on to achieve 
your design goals more efficiently, more 


else around the world. effectively. 
EPROM choices don’t 


come any wider 


Pick what you want from 16K to 1 
megabit, and use these CMOS 
EPROMsS as replacements for 
conventional MOS counterpa 
in new and existing designs. 

Our high-speed 16K and 64K 
EPROMs, designed as replacemer 
for bipolar PROMs, feature access 
times down to 35 ns. 


ae 
- 
e 
3 


: Texas 
INSTRUMENTS 


N EPROMs+OTPs 


Jur 1-megabit device comes in two 
chitectures — 64K x 16 40-pin DIP 
*MS27C210) or 128K x 8 32-pin DIP 
“-MS27C010) — and features a low 
andby power of only 1.5 mW. Both 


mfigurations are excellent for micro- 


‘ocessor-based program storage, computer 


ripherals, telecommunications systems, 
id battery-powered applications. 
Because these EPROMs are CMOS- 
ased, you reduce power dissipation to 
ive On power supplies and cooling costs 
hile maintaining system performance 
nd reprogrammability. 


YTPs that beat the heat, the 


\umidity, and the competition 
rom 16K to 512K, and including the 
orthcoming 1 megabit, TI has solved the 


aoisture problem common to otherOTP § 


-ROMs in plastic packages. An innova- 
ive “overcoat” protects Tl’s chips from 
ontamination and corrosion whether in 
lastic DIPs or surface-mount PLCCs. 

It’s only natural that TI would develop 
he solution to an industy-wide problem. 
We have more than 25 years in plastic- 
yackaging technology, and we are the 
argest U.S. supplier of plastic DRAMs. 

The reliability of these CMOS OTPs 
means you no longer have to rely on more 
>xpensive ceramic EPROMs. Our OTPs 
are also pin- and upgrade-compatible with 
mask-programmed MOS ROMs. 

Naturally, power requirements are low, 
and our SNAP! Pulse algorithm gets in- 
house programming finished and done in 
one-tenth the time of earlier algorithms. 


Reprogramming in a Flash 

Here’s the answer when your application 
calls for quick and easy in-system 
reprogramming. 
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Not only are we working with our cus- 
tomers to develop memories based on com- 
modity EPROM cores, but we are getting 
lt i nn ol o together with them long before we sit 
| down at the workstation to design these 
new application-specific memories. 


ee | Worldwide customer support 
ss eeeeeee Wherever you are, we can tailor our 
oe delivery schedules to your individual ship- 
to-stock or just-in-time programs to help 
ebb dd dO RLS KES you achieve production efficiencies and 
eee etuee eee es ee economies. Our satellite communications 
| system spans the globe and links 43,500 


terminals to facilitate electronic data inter- 


i a i a a i a a a a | 


mt change between your facilities and our fac- 
tories. In addition, we have sales offices 
and support centers around the world. 


epee } COUNT ON 
For more information on TI nonvolatile 
CMOS memories, call, write, or fax us. 


Now being sampled, our new 256K, In Europe call 39-746-6941 , fax 
CMOS, 5-V Flash EEPROM is electrically 39-746-696969/ 694212, or write ‘Texas 
bulk-erasable. All you need isa 5-V power _ Instruments Italia SPA, Viale Delle 
supply, routine with most system designs, Scienze 1, 02015 Cittaducale (Rieti), Italy. 
in contrast to the extra-high-voltage, high-._‘In Japan call 81-3-769-8700, fax 81-3-457- 


current power supply required by competi- 67/7, or write Texas Instruments Japan 
tive 12-V flash devices. There is also no Limited, MS Shibaura Building 9F, 4-13- 


need for an ultraviolet light source, 23 Shibaura, Minato-Ku, Tokyo 108, 
external programming equipment, or Japan. In Hong Kong call 85 2-3- 735- 
extra system circuitry (required to program —:1223, fax 852-3-735-494, or write Texas 
12-V devices). Instruments Hong Kong Limited, Market 
Communications Department, 8th Floor 
Special memories for special needs — World Shipping Centre, 7 Canton Road, 
Application-specific memories are a Kowloon, Hong Kong. 
promising way to match memory access 
times to microprocessor capability. 

One example is a |-megabit, CMOS 
BurstMode™ EPROM. Now under 
development for use with microprocessors 
having prefetch capabilities, it will allow 
direct EPROM access. 


i 
Trademark of Texas Instruments Incorporated IN S : RU M E NTS 
© 1989 TI sia 
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THIS IS ALL 
IT TAKES TO 
COMPETE IN 
THE ENTRY- 
LEVEL PC/AT 
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Introducing SCAT” The Single Chip AT System Controller 
that lets you aggressively compete in the entry-level PC/AT market. 

It's our lowest cost AT solution ever. Offering you unmatched 
integration. So you can get to market fast. 

In fact, you can design a complete 12.5 Mhz PC/AT with 

just fourteen components. 

The only thing that isn’t small about SCAT is the market it 
allows you to compete in. The demand for entry-level PC/ATs is at 
an all time high. And it’s growing every day. 

Like all of our products, SCAT is fully backed by the most 
comprehensive technical support in the industry: 

Our Design Services Organization will help you with every- 
thing trom technical consultation to the design of a turnkey 
microcomputer system. 

And our Integrated Software Organization will ensure 
complete system compatibility by providing BIOS and system 
soltware drivers specifically for your individual system. 

So get ready to compete in the fastest growing segment of 
the personal computer industry. Call 800-323-4477 today to find 
out more about SCAT. 

It’s all you really need. 


The CHIPSet is the syste. 


> 1989,  Inc., i e, ip e of Chips and Technologies, Inc. AT is a registered trad 
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No two alike. 


While HP’s high-performance plastic 
optocouplers may all look alike, the 
similarity is only skin deep. 


Because with five complete lines of 
plastic devices, there’s clearly more to 
our optocouplers than meets the eye. 


Like a wide variety of single- and 
dual-channel devices that provide you 
with an equally wide range of per- 
formance options. 


Such as an innovative dual-channel 
design that combines a photon-emit- 
ting diode with a high-speed photon 
detector to produce data rates up 
to 40 MBd. 


24 


You also get high-output gain from 
low-input current or high-speed logic 
gates. Wide Vcc from 4.5 to 20 volts. 
And a unique AC/DC interface. 


Plus they’re compatible with TTL, 
STTL, LSTTL and, in many cases, 
CMOS logic families. 


All of which makes HP’s optocouplers 
the ideal solution for problems caused 
by ground loops and induced com- 
mon mode noise. 


Best of all, they’re from HP. So 
you're assured of our commitment 
to excellence in service, support 
and reliability. 
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Which, come to think of it, is the one 
thing that makes all our optocouplers 
exactly alike. 


To find out more about HP’s opto- 
couplers, call 1-800-752-0900, ext. 
644G. And see why looks aren’t 
everything. 


There is a better way. 


HEWLETT 
PACKARD 
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MHz, and 20 MHz . 
company- -produced al 
The PIC16C54 and PI 
carriers; Dees si 


BIPOLAR VIDEO I 

> Tbe CXA1236Q 50 
(829-4185) is a bip 
only in GaAs. The 
with a Domer 


COMDEX PRODUC 
OM (St Paul, ‘MN, 


World Class 
-Bit Video ADC 
20 MSPS 


~ * TRW LSI Products’ TDC1058 — The industry’s new video-speed ADC broadcast performance standard: 600mW power dissipation, 
single 5V power supply. Made in the U.S.A. by TRW LSI, where performance over worst case conditions is always guaranteed. Available 
from TRW LSI Products or your nearest Hall-Mark or Hamilton/Avnet location. For complete technical assistance, call or write: 


TRW LSI Products Inc. ; In the Orient, phone: po gy | sw WF | 
P.O. Box 2472, La Jolla, CA 92038 Hong Kong, Tektron, 3.880629; 


619.457.1000 Tokyo, Dia Semicon, 3.439.2700: a ’ | 4 | 
Kawasaki, Teksel, 44.812.7430; 


In Europe, phone: Taipei, Sea Union, 2.751.2062; 

TRW LSI Products Inc. Seoul, M.S., 2.553.0901; TRW LSI Products Inc. 
Munich, 089.7103.115; Singapore, Seamax, 65.445.1828; 

Guildford (U.K.), 0483.302364 Australia, Email, 613.544.8244 


©TRW Inc., 1989 — 712A0789 
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power splitters 
combiners 


the world's largest selection 
2KHz to 4.2GHZ from $99 


With over 150 models, from 2-way to 48-way, 0° 90° and 180° a variety of pin and connector pack- 
ages, 50 and 75 ohm, covering 2KHz to 4200MHZ, Mini-Circuits offers the world’s largest selection of 
off-the-shelf power splitter/combiners. So why compromise your systems design when you can 
select the power splitter/combiner that closely matches your specific package and frequency band 
requirements at lowest cost and with immediate delivery. 


And we will handle your 
“special needs, such as 
wider bandwidth, higher 
isolation, intermixed m 
connectors, etc. courteously 4 
with rapid turnaround time. 


A Division of Scientific Components Corporation 

P.O. Box 350166, Brooklyn. New York 11235-0003 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 

Of course, all units come with 


our one-year guarantee. 


For detailed specs and performance 
data, refer to the MicroWaves Product 
Directory, Gold Book, or EEM. Or 
contact us for our free 64-page 
RF/IF Signal Processing Guide. 


C107-1 REV. ORIG. 
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Se... 


Your product may never get off the ground 
if you haven't come to appreciate the difference 
between great chips and a great chipset. 

That not too subtle difference is what separates 
Western Digital XT, AT, and Micro Channel-compatible 
chipsets from the rest. And what burdens us with 
a well-deserved reputation, if we do say so ourselves, 
for performance, compatibility and value. 

Put down your hot mug of Java and consider 
these facts: 

We design our chips with all the right hooks, 

50 you get the kind of design flexibility you've always 
dreamed of. 

We spent years developing our sets and soft- 
ware drivers, so you don’t have to spend time doing 
it yourself. 

We give you the ability to buy virtually all your 
chips from one vendor, so you eliminate incompati- 
bility between chips. Not to mention incompatibility 
between chip vendors. 

We offer unmatched EMI system expertise, so 
your designs can be close to noise-free And so.can 
your quality contro! people. 

We manufacture chios by the millions and sell 
them to just about every big name PC manufacturer 
in the world, so compatibility is one less thing you 
have to worry about. 

The point is, what you need Is what we have. 

Storage, Imaging, Communications, and 
Core Logic. 

Systems expertise, high volume/cost-effective 
LS! production, turnkey manufacturing packages, 
and design support. 

It’s all designed to work together. It's all from 
one source. From the IC company that understands 
systems. 

So get your head out of the clouds and call 
someone who can make your design fly. 

Call 1-800-847-6181. In Canada, call 
1-800-448-8470. Ask for more information. Ask for 
a free Matched Sets poster. 


Matched sets to match your needs. 


cade ii “Sicoet Imaging- Cauca 
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How Jeradyne helps solve test 


To Texas Instruments, test capabilities are more than a mar- 
keting tool; they're a marketing necessity. A key to winning 
new business. That’s why TI is relying on Teradyne’s A500 
Family of Test Systems to solve its advanced linear and com- 
plex mixed-signal testing problems. 


“The more integrated the product, the harder it is to access what’s 
going on in order to test tt. So the quality of the test system becomes 
, : a more and more key. That’s why we chose the A500.” 
“The primary factor in our purchasing the A500 was that it is a true re ee LU gene 
mixed-signal tester, combining state-of-the-art fast digital with prect- Deparincn Men oe: de ee 
ston analog— without compromising either.” 


JODIE HORAK By using Teradyne’s A500 Analog VLSI Test System, TI's 
EE et one linear ASIC group has been able to help its customers get to 
LinASIC is a trademark of Texas Instruments Incorporated. IMAGE is a trademark of Teradyne, Inc. market faster. Because the A500 offers full tester simulation 
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problems as big as Texas. 


ind powerful IMAGE™ software debug tools, test program 
Jevelopment can actually occur in parallel with design. Now, 
II can develop test programs up to five times faster, with test 
costs cut by as much as 50%. 


‘The automotive industry is so competitive, it’s practically an aerospace 
situation with regard to product quality. With the A510, our test 


programs can really wring a part out— with a high level of precision.” 


RICK D. DAVIES 
Standard Linear Products Department Manager 


For TI’s automotive ICs, Teradyne’s A510 Standard Linear 
Test System provides the edge by delivering precision-quality, 
high-complexity power integrated circuits at a low cost per 
unit. And Teradyne’s A520 Analog VLSI Test System was the 
choice of TI’s military systems group to help them meet strin- 
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gent test standards mandated by the Department of Defense. 


“The main reason we chose the A520 was that Teradyne demonstrated 
they not only could meet our technical requirements, they had what 
we perceived to be a quality culture, a quality machine.” 

FRANK SKAGGS 

Focal Plane Array Test Manager 

Defense Systems and Electronics Group 


Teradyne’s A500 Family of Test Systems. Helping companies 
like Texas Instruments solve big test problems. To see how 
we can help you, call Beth Sulak at (617) 482-2700, ext. 2746. 
Or call your nearest Teradyne sales Jae or write: 
Teradyne, Inc., eae . 
321 Harrison Ave. 
Boston, MA 02118. 
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SIGNALS & NOISE 


Acknowledgment of 
front-cover artwork 


Burtek Corp provided Telesoft with 
the initial artwork that Telesoft 
modified with Business Art for the 
front cover (EDN, August 17, 
1989). The picture shows a flight 
simulator for the C-141B airplane 
developed by Burtek. It is pro- 
grammed using a Gould Con- 
cept 32/9780 computer and Tele- 
soft’s GeleGen2 Ada Development 
System. 


Distinguish erasing methods 
for flash memories 


In the Special Report on Nonvola- 
tile memories (EDN, September 1, 
1989, pg 100), Michael Markowitz 
fails to make an important distinc- 
tion between erasing methods for 
flash memories from different ven- 
dors. His statement “Flash memo- 
ries require that as the first part 


DALE ELECTRONICS, INC. 
» « a VISHAY Company 
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of your erase algorithm, you pro- 
gram all the bytes to data 00, to 
equalize the charge on all transis- 
tors” is too broad; it is actually true 
only for the Intel devices. SEEQ’s 
and National Semiconductor’s flash 
memories have integral select de- 
vices in each bit; this configuration 
eliminates the need to equalize the 
charge on all bits by programming 
before erasure. TI’s part also 
doesn’t require this extra step. 
Mike Villott 

Vice President and 

General Manager 

SEEQ Technology Inc 

San Jose, CA 


An apology for 

confusion over diode 

In Part 6 of my _ series on 
troubleshooting analog circuits 
(EDN, August 3, 1989, pg 129), I’m 
afraid I made one verbal short cut 


Throw usacurve. 


And we'll provide the 
Shabba gece sensing solution. 


paee 


“SS one of the nation’s ecding thermistor suppliers — and our 
~ capabilities are steadily growing, with a wide range of 
standard chip and leaded styles, plus assemblies specially 
designed to meet your mounting requirements. 
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For prompt response to your sensing requirements 
contact: Thermistor Dept., Dale Electronics, Inc., Box 26728, 
El Paso, Texas 79926-6728. Phone (915) 592-3253. 


DALE, 


Dale Makes Your Basics Better 


too many. I refer to a “diode-con- 
nected transistor,” then in the next 
line I talk about the “emitter-collec- 
tor diode.” In both cases, I am talk- 
ing about the connection where the 
transistor’s base is tied to the collec- 
tor. The emitter is the opposing 
electrode. Every modern transistor 
connected in this fashion behaves | 
as a very fast-switching diode, but 
it is one horrible beast to describe 
unless you spell everything out in 
great detail. The editors and I were 
hoping that the way I wrote it 
would be clear, but apparently I 
succeeded in confusing some peo- 
ple, and I apologize. Sometimes en- 
gineering slang really is not precise 
enough. (I guess if that’s the worst 
writing I’ve done in all those pages, 
I’ll take my lumps.) 

Robert A Pease 

Staff Scientist 

National Semiconductor 

Santa Clara, CA 
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Seagate’s ST1096 Family 


Wie! oO |S C DRIVES 


ven to the experi- 

enced observer, 

a disc drive is a 
technological marvel. With discs 
spinning at 60 revolutions per second, 
the mechanics involved are astound- 
ing. It takes a company with a unique 
level of skill and experience to pro- 
duce drives in volume that perform 
reliably year after year. A company 
like Seagate. 

Our 3.5" ST 1096 family is a 
great example of Seagate craftsman- 
ship. Featuring a choice of 42, 60 or 
83 formatted megabytes, these high 
performance (24 msec average access 
time) drives are ready for demanding 
PC and Apple® applications. The 
family offers ST412/MFM and SCSI 
interfaces for application flexibility. 
And they all feature a 50,000 hour 
mean-time-between-failure rate. 

Like the artist who spends years 
perfecting his craft, Seagate has spent 
the past decade mastering the fine 
art of disc drives. For more informa 
tion on our multi-faceted product 
line, contact your authorized Seagate 
distributor, or call Seagate directly at 


800-468-DISC, or 408-438-6550. 


Seagate 


Beveled Glass Window by 
. - Thomas Tisch & Andreas I Lehmann Apple is a registered trademark 0 Apple Computer, Inc. 
— 7 2 Seagate and the Seagate logo are registered trademarks of Seagate Technology, Inc. 
Oakland, California © 1989 Seagate Technology, Inc. 
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Oki helps you achieve faster, easier 
DSP application development with a 
complete portfolio of support tools. 


Oki Semiconductor meets your DSP needs by 
bringing you the best price/performance available, 
with our MSM6992 and MSM699210 DSP devices. 
We also offer powerful hardware and software support 
tools at various price points to speed and simplify 
your DSP application development. 


A full set of powerful DSP support tools 


> Software Simulator—the SIM92 simulates all 
internal operations of the MSM6992/10 devices, 
allowing you to test routines without hardware. It 
utilizes the emulator command set and offers 
advanced options such as a dump-restart facility, 
efficiency parameters, and histograms. 


> High-Level Language—the OSL92 programs 

as a Subset of C and speeds DSP software 
development, with one line of OSL92 code equivalent 
to six lines of assembly code. Specifically tailored 

for the 6992 architecture, it exhibits remarkable 
performance when compared to hand-assembled 
code, with efficiencies of up to 95%. 


> Emulators—Oki offers a choice of stand-alone 
in-circuit emulators for real-time emulation, with the 
EMU92 and EMU92L. 


> Software Libraries of User Routines—these 
libraries contain many of the most commonly used 
routines in DSP programming. 


> Development Systenm—the PSP92 permits real- 
time processing of analog signals through separate 
“digital” and “analog” PC-AT cards. It also allows 
for sophisticated 16-color EGA-compatible graphics. 


OKI 


SEMICONDUCTOR 


The best DSP 
choice 

Oki’s full 
complement of DSP 
supports tools have 
the power to help 
you get your product 
to market faster. 
And Oki makes them 
easy to use. They 
are all PC-based, 
fully documented 
and use the same debugger language. So if you are 
evaluating DSPs for a new design, make the smart 
choice. Oki gives you the devices and the support to 
streamline your DSP application development. 


ES, LE TE LO TE LS E:T a LE TT. Ae. TT. PTE... eVeNeNTETE 


Streamline DSP with Oki 

(_] Please send me your new brochure 

Keys to faster, easier DSP application development 
containing detailed technical data/specs on Oki’s MSM6992/10 
DSP devices and complete portfolio of DSP support tools. 


(] Please call, we have immediate needs. 


_ Business Phone 
Title - 
Company 

Street Address 

Mail coupon to: 


Marketing Communications, Oki Semiconductor, 785 N. Mary 


| 

| 

| 

| 

| 

| 

| | 
| Name _ 
| 

| 

| 

| 

| 

| Avenue, Sunnyvale, CA 94086. Or call (408) 720-1900. 


-EDN112389° 


ee. cc el 
So. Calif. Atlanta, GA New York, NY 
(Irvine) (Norcross) (Poughkeepsie) 
714/752-1843 404/448-7111 914/473-8044 
(Sherman Oaks) Chicago, IL Philadelphia, PA 
818/990-3394 (Rolling Meadows) (Horsham) 
No. Calif 312/870-1400 215/674-9511 
(San Jose) Boston, MA Dallas, TX 
408/244-9666 (Stoneham) (Richardson) 
Boca Raton, FL 617/279-0293 214/690-6868 
407/394-6099 Detroit, MI 

(Livonia) 

313/464-7200 
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AMP MICRO-EDGE 
SIMM sockets provide the 
highest security your memory or logic 
module could ask for: Each contact 
produces 200 grams normal force 
on each module pad. Minimum. 
And the contacts float. They’re 
free to move laterally, so uneven 
thermal expansion can’t separate 
contacts from pads. Goodbye, fretting 
corrosion, Opens and intermittents. 


AMP and MICRO-EDGE are trademarks of AMP Incorporated. 


Hello, reliable performance on 100 
mil and 50 mil center modules. 
We've also thought about the 
effects of use on long-run reliability. 
So our MICRO-EDGE SIMM sockets 
provide positive wiping action during 
insertion. And contacts are designed 
to deflect up to .017”, with full 
anti-overstress protection—forgiving 
enough to handle any standard 
(.047”" to .054” thick) module board. 


EREEI 5 sMANAN AN ae 


Sonconons AAj8 035335 


ye 
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Over the life of your product, the 
socket housing can take a real beat- 
ing. We’ve thought that through, too. 
Our liquid crystal polymer housings, 
rated for continual use at 200°C, 
give ramps and latches the strength 
and dimensional stability that promise 
a long, useful life. 

We've also seen to it that contact 
retention in the housings allows 
robotic application, as well as inde- 


BIAS AAAARAAAY AA Jansnsgn IID \ 
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pendent repair or replacement. Closed 
bottom design prevents solder wicking 
and bridging. And, naturally, latching 
ears are protected against overstress, 
and module polarization is designed in. 
Now the best part: MICRO-EDGE 
SIMM sockets are available in the 
style you need. We have .100” or 
.050” centerlines in a wide selection 
of singles and duals, vertical and 
slanted. Plus options, including a 
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choice of gold or tin on contact mating 
surfaces. 

Our very-low-insertion-force design 
and high-reliability contacts make 


the 50 mil versions especially attractive 
Every version comes with the quality 
and support you expect from AMP. 


For literature and product informa- 
tion, contact the AMP Information 
Center, toll-free, at 1-800-522-6752. 
AMP Incorporated, Harrisburg, PA 
17105-3608. 


AQAINAF interconnecting ideas 
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TOSHIBA AMERICA’S PRINCIPAL ELECTRONIC COMPONENTS + MOS INTEGRATED CIRCUITS: DYNAMIC RAMS — DRAMs, Video RAMs, Memo y Modules. STATIC RAMS — Pseudo/Static SRAMs, High-Speed SRAMs. 
NON-VOLATILE MEMORY — EEPROMs, EPROMs, OTPs, Mask ROMs. MOS LOGIC ICS — Standard CMOS Logic Series: 4000/4500, 74HC/HCT, 74AC/ACT, New 74BC BiCMOS series. MICROCOMPUTERS — Microcontrollers, 
Microprocessors, Microperipherals, Development Support Systems. ASIC — Gate Arrays, Standard Cells, Megacell, Full Custom. SPECIFIC APPLICATIONS — Speech LSls, Telecom Devices, Disk Chips, Graphics Products. 
DISCRETE DEVICES AND BIPOLAR ICS: SMALL SIGNAL DEVICES — Transistors, Diodes. POWER DEVICES — Power Transistors, Power MOS FETs, Insulated Gate Bipolar Transistors (IGBT), Giant Transistor (GTR) modules, 
Rectifiers, Gate Turn-Off Thyristor (GTO). OPTOELECTRONIC DEVICES — LED Lamps, Displays, Modules, Laser Diodes, Opto Couplers. BIPOLAR ICS — LSls, Voltage Regulators, OP AMPs, Timers, Motor Controllers and IC 
Drivers, Interface Drivers. CHARGE-COUPLED DEVICES — Linear Image Sensors. ELECTRON TUBES & DEVICES: ELECTRON TUBES — Cathode Ray Tubes, Color Picture Tubes, Color Display Tubes, Monochrome Display 
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“I've been doing some research. Toshiba may be able 
to help? 

| “Toshiba? How are they going to get us out 
from under all this paperwork?” 


“Well, let me put it this way: 95% of the electronics 
we need, they make? 


“So, what's the bottom line?” 


“Toshiba lets us reduce the costs of a broad supplier 
base, and actually improve quality at the same time? 


“That’s the answer I've been looking for?’ 


There’s no reason to go looking all over the map for components. 
Not when a phone call to Toshiba can deliver most, if not all, of the high 
quality components you need. 

Thanks to Toshiba's CMOS expertise and standardized design and 
manufacturing processes, qualification time, money and paperwork 
can be dramatically cut by “family quals’ And Toshiba is a step ahead 
in electron tube and display technology, where R&D efforts are second 
to none. 

No matter what your systems needs are, Toshiba has probably got 
the solution. Whether you make electronic data processing, automotive, 
consumer, telecommunications or industrial equipment, Toshiba is 
there. The second largest manufacturer of semiconductors in the world, 
Toshiba specializes in Memory products including Standard ICs, ASICs, 
Logic and Processors. Plus, Toshiba also specializes in Display Devices 
(LEDs to LCDs and CRTs to Monitors). And Discrete Devices including 
Opto Couplers and Laser Diodes, all with Toshiba quality designed in. 
With Toshiba's breadth and depth of products, you can feel confi- 
dent of your supplier. You'll know where you stand on product availabil- 
ity and delivery, and you'll have all the advantages of a single, reliable 
business relationship with a company you trust. 

To receive technical literature on any of Toshiba's electronic compo- 
nents, just call 1-800-888-0848 ext. 517 today. 

Toshiba Electronic Components. We're the answer you've been 
looking for. Service is our key component. 


In ‘Jouch with ‘Tomorrow 


Ge TOSHIBA 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


©1989 Toshiba America Electronic Components, Inc. HDQ-88-011-1 


Tubes. MAGNETRONS. MEDICAL TUBES — X-Ray Tubes, Image Intensifier Tubes. MONITORS — Monochrome/Color Monitors and Chassis. LIQUID CRYSTAL DISPLAYS. OPTICAL DEVICES — Laser Diodes, Fiber Optic Links 
(TOSLINK). SAW DEVICES - Filters, Resonators. MAGNETIC MEDIA — BaFe Floppy Disk Media. TOSHIBA AMERICA’S PRINCIPAL ELECTRONIC COMPONENTS + MOS INTEGRATED CIRCUITS: DYNAMIC RAMS — DRAMs, 
Video RAMs, Memory Modules. STATIC RAMS — Pseudo/Static SRAMs, High-Speed SRAMs. NON-VOLATILE MEMORY — EEPROMs, EPROMs, OTPs, Mask ROMs. MOS LOGIC ICS — Standard C*MOS Logic Series: 
4000/4500, 74HC/HCT, 74AC/ACT, New 74BC BiCMOS series. MICROCOMPUTERS — Microcontrollers, Microprocessors, Microperipherals, Development Support Systems. ASIC — Gate Arrays, Standard Cells, Megacell, Full 
Custom. SPECIFIC APPLICATIONS — Speech LSls, Telecom Devices, Disk Chips, Graphics Products. DISCRETE DEVICES AND BIPOLAR ICS: SMALL SIGNAL DEVICES — Transistors, Diodes. POWER DEVICES — Power 
Transistors, Power MOS FETs, Insulated Gate Bipolar Transistors (IGBT), Giant Transistor (GTR) modules, Rectifiers, Gate Turn-Off Thyristor (GTO). OPTOELECTRONIC DEVICES — LED Lamps, Displays, Modules, Laser Diodes, 
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The industry’s nex 


computing sta 


How the world’s fastest CMOS CPU 
ra advances SPARC’s role as the 
industry's next computing standard: 


Fact: Scalable High Performance. Operating from25MHz 

to 40MHz, and offering 18 to 29 MIPS, this chipset demonstrates 
the scalability of the SPARC™ RISC architecture. That scalability 
has already produced high performance SPARC implementations 
in CMOS, ECL, and GaAs. This scalability enables high perform- 
ance, binary compatible systems all the way from low-cost desktops 
to mainframe-class systems — consistent with the trend toward 

3 networked computing. This new chipset will enable new perform- 
i ~ — ance standards in desktop and workstation/server systems. 


ini oe ™. Fact: Shrink Wrapped Applications. sparcisthe only 
‘Integer Unit ' » RISCarchitecture that is truly open, with available, binary-com- 
>. patible clones. The shrink-wrapped UNIX® applications base — 
aos a including the leading database, publishing, office and engi- 
= neering packages — is larger than for ALL of the other RISC 
architectures combined. And with major new support an- 
CY7C602 FPU t » nouncements from Lotus, Santa Cruz Operations (SCO), 
Floating Point Unit _ — and Wordperfect, expect significant new applications. 
7 | Applications drive the industry’s next computing standard. 


CY7C604 (MMU 7 Fact: Complete Solution. This chipset you see, designed 
7 f ressoatil a me by Ross Technology, a Cypress subsidiary, is available today. 
. It includes the Integer Unit, Floating Point Unit, Cache Con- 
troller/Memory Management Unit, and 256K Cache RAMs. 


Fact: Proven Support. SPARC runs UNIX. Itruns the major 
windowing systems — NEWS™ and X-Windows” It supports the 
AT&T OPEN Look user interface. SPARC-based development 
systems are available now, with a full complement of development 
tools, compilers, debuggers, documentation packages, and utilities. 


Fact: The Leader 5. The system companies that support 
SPARC — AT&T, Sun, Toshiba, Solbourne, ARIX, Philips, and 
ICL, to name a few — are moving faster toward the industry’s 
next computing standard than are the supporters of any other 
RISC architecture. QO WE 


Call today for this important artide: « | 
1-800-952-6300* Dept. C42. > 
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*1-(800) 387-7599 in Canada. (32) 2-672-2220 in Europe. © 1989 Cypress 
Semiconductor, 3901 North First Street, San Jose, CA 95134. Phone (408) 943-2600, 
Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 
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EDITORIAL 


Cut us in on profits, too 


Jesse H Neal 

Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 

1977, 1976, 1975 

American Society of 


Business Press Editors Award 
1988, 1983, 198] 
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Perhaps you had a chance to read Forbes magazine’s recent list of the top 
40 entertainers. If you missed the list, here’s a quick summary: In its 
search for the 40 most successful entertainers over the past two years, 
Forbes estimated that Michael Jackson earned a staggering $125 million. 
Steven Spielberg made around $105 million and Bill Cosby took in about 
$95 million. My income doesn’t come close to any of these figures, and I’m 
fairly sure yours doesn’t either. Though engineers, like entertainers, are 
valued for their creativity and productivity, we all probably earn consider- 
ably less than $100,000. 

Of Bill Cosby’s income, Forbes guessed that the talented Dr Cosby took 
in $4 million per month from syndication rights for reruns of TV’s popular 
“The Cosby Show.” According to the list’s authors, Cosby can expect to 
receive $167 million in syndication fees by 1992. 

Or consider the Rolling Stones. They ranked 8th on the list by earning 
about $55 million over two years—$11 million in 1988 when their current 
tour was just a twinkle in the eye of its promoters. In addition, and without 
much effort, the group collects about $1.75 in royalties for every Rolling 
Stones record, tape, and CD that is sold. They also earn a nickel every 
time one of their recorded songs is commercially played. 

In my previous engineering jobs, I was on a team that designed a 
popular DSP chip. I also headed a group that worked on high-volume 
sound-generating chips and I’ve designed a number of ASICs. And while 
my previous employer has been reaping the rewards of my—and others’— 
intellectual performances, my share of the royalties has been one free 
lunch. 

Do any of us know who created the compact disc, the microwave oven, 
or the fax machine? Who can name the engineers who designed Intel’s 
4004 microprocessor? It’s safe to say that the nameless designers and 
design teams that worked on the products above have done more for the 
collective good of the world than Messrs Jackson, Spielberg, and Cosby. 
If you doubt me, imagine what the world would be like without these 
three individuals. Now imagine what the world would be like without 
microprocessors. Unfortunately, I doubt that many of the engineers in- 
volved in any 20th-century innovations have shared in the profits or re- 
wards from their discoveries, developments, or designs. Thus, their “re- 
corded performances” have given them a royalty of $0. 

The value our society places on professional job performance and on 
what professionals produce is obviously out of kilter. We have to wonder 
about a society in which top entertainers, using their developed skills and 
talents, can command salaries that are so much higher than those paid to 
engineers. Today, almost all engineers sacrifice meaningful royalties when 
they go to work for an employer. We think that such a sacrifice is wrong 
and that it must stop. Now is the time for design engineers to start 
negotiating for a percentage of the earnings from their finished projects. 


Michael C Markowitz 
Associate Editor 
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~~ GRAYHILL SOLID STATE RELAYS PROVIDE 
PEAK PERFORMANCE FOR THE LIFE OF YOUR EQUIPMENT 


Reliability is the Grayhill edge: 

We give our solid state relays a real 
workout in our test lab... to demon- 
strate 250,000 hours MTBF under 

worst case conditions. We build in this 
kind of endurance with SMT construc- 
tion, for a controlled and repeatable 
assembly process. This construction also 
allows better management of space 

and temperature with higher component 
density, excellent noise immunity, and 
many more reliability features. 


Value is the Grayhill Commitment... 
With this proven reliability, Grayhill 
Solid State Relays offer exceptional 
value. In fact, we are so confident that 
every standard Grayhill relay will 


Grayhill SIP SSR-the standard package that 
sets new reliability standards. 
Grayhill Mini Puck SSR—half the size 
of a hockey puck, twice the value. 


perform for the life of the product you 
install it in that we make this commit- 
ment: should one ever fail, we'll send 
you a new relay at no charge! 


Grayhill Solid State Relays are offered 
in all the most popular standard pack- 
ages and ratings. They're fully described 
in the free Grayhill Engineering Catalog 
#1, and they can be ordered through your 
local Grayhill distributor. Want some- 
thing special? Custom designs are 
also available. 


Take the first step up to the peak. Ask 
us today for complete information, and 
a free test sample. 


561 Hillgrove Avenue, P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 

Phone: (312) 354-1040 FAX: (312) 354-2820 
Area Code 708, Effective November 11, 1989. 
At the Peak of Performance TLX or TWX: 190254 GRAYHILL LAGE 


CIRCLE NO 40 


EDN November 23, 1989 


— AND PHILIPS — THE GLOBAL AELIANCE IN TEST & MEA 


The future 
is in the cards. 


Pick a Star Card IC memory 
device and something rather 
magical happens: 

A world of possi- 
bilities is placed in the 
palm of your hand. 

Holding the 
Star Card gives you 
the industry's most complete 
portable data storage and 
retrieval system. 

Unlike other devices, the 
Star Card has such features as an 
optional Card Disk File, a remov- 
able storage unit that can input 
or Output data with as many as 
eight cards instantly. In addition, 
the Star Card System is available 
in a wide variety of RAM and 
ROM versions. 

ITT Cannon is the only 
IC memory card manufacturer 
producing in the United States, 
with additional production and 
customer service in Europe and 
Asia to assure you multi-source 

vailability world- 

wide. And the 

only com- 

pany that 

manufac- 
tures its own 

interconnect system, designed 
specifically for the Star Card, 

and rated for dependable per- 

formance up to 10,000 mating/ 

unmating cycles. 

Since the connector is one 
of the most vital components to 
your IC memory card system, this 
kind of performance is critical. 

With such reliability, your 
applications for the Star Card 
are endless. Virtually any environ- 
ment where the space is confined, 
the conditions are rugged or the 
technology advanced. 

‘The future is yours to 
design with Star Card—the only 
complete IC memory card system 
available. For more information, 
please contact: 

ITT Cannon Components 
1851 East Deere Avenue 
PO. Box 35000 

Santa Ana, CA 92705-6500 


Telephone: (714) 2615300 
FAX: (714) 7578301 CIRCLE NO 41 


TTT Cannon 


AN ITT EMC WORLDWIDE COMPANY 


Discover our strengths. 
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A bumper crop of 
products presages 
a smooth ride for 
the instrumenta- 
tion bus, but don’t 
get the idea that 
VXI has jumped 
all the hurdles yet: 
some nagging un- 
certainties still 
lurk ahead. 


Dan Strassberg, 
Associate Editor 


EDN November 23, 1989 


VXIBUS PRODUCT ROUNDUP 


182 VXIbus 


roducts 


appear from 36 firms 


“Wf DN’s first roundup of VXIbus 
' products contains 182 entries 
from 36 vendors. Considering 
fthe newness of the modular- 

fee instrumentation standard— 
the pan version appeared less than 
2'% years ago, with the first VXI prod- 
uct announcements following about six 
months later—the number of products 
is a good omen for the future of the 
instrumentation bus. Although VXI has 
many more tests to pass, the standard 
appears headed for success. 

To compile the listing, we contacted 
over 140 people at companies that had 
requested VXI vendor identification 
numbers before June 30, 1989. In addi- 
tion to information on products now in 
production, the roundup 
includes data on products 
with planned first deliv- 
eries in the first half of 
1990. 

Of the 182 products 
listed in Table 1 (pg 60), 
we classified 53 = as 
chassis, enclosures, back- 
planes, prototyping aids, 
power supplies, and 
adapters. Another 28 are 
computers, VXI _ inter- 
faces, slot-0 boards, re- 
source managers, and pe- 
ripheral controllers. Ten 
are systems, eight are 
software packages, and 
83 are instruments that 
we classified into 13 cate- 
gories. The most numer- 
ous instruments are relay 
switching boards (16) and 


digital I/O boards (18). The listing in- 
cludes nine counters, eight digital mul- 
timeters and related instruments, and 
three high-speed waveform digitizers— 
the closest thing you'll find to a scope 
in the VXI world. 

A year ago, you'd hear lots of com- 
ments about how long you’d have to wait 
before you could build a useful test sys- 
tem from VXI modules alone, and that 
for the foreseeable future, you would 
have to combine VXI modules with con- 
ventional rack-and-stack instruments. 
EKighty-three instruments is certainly a 
small number when compared with the 
thousands of rack-and-stack products 
you can buy, but only a few of the most 
popular instrument types are not 


A C- or D-size VXI system, like this one from Racal-Dana, has 13 
slots. Modules can occupy more than one slot, however. This system 
contains a 2-slot-wide module (visible to the right of center). 
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Finaly, high resolution time 


interval measurement at an 


affordable price. The SR620 
Universal Time Interval 


Counter offers 4 ps single-shot 


LSD on time intervals, and 11 
digits of frequency resolution 
in one second. With powerful 
arming, gating, and triggering 
modes, the SR620 can mea- 
sure time interval, frequency, 
period, pulse width, and phase, 
as well as rise and fall times. 


The SR620 has built-in sta- 
tistical functions, including 
mean, min, max, standard 
deviation, and ‘Allan variance 


for up to | million samples. 
Results may be displayed on 
the front panel, and graphed in 
histogram or strip chart form 
on an X-Y oscilloscope. Hard- 
copy is directly available on a 


plotter, printer, or chart 
recorder. — . 
With both RS232 and GPIB 


interfaces standard, the SR620 
is also ideal for ATE applications. 


Whatever your time or fre- 
quency measurement needs 
may be, the SR620 is the 
answer. For more information, 
call us at 408) 744-9040. 


FORD RESEARCH SYSTEMS 


- 1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL 408) 44-9040 FAX 4087449049 TLX 706891 SRS UD 
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The SR620 provides graphic display of 
histograms and strip charts on any X-Y 
oscilloscope. With Autoscale and 
Zoom, graphics can be easily scaled. 
Attach a dot matrix printer or an 
HP-GL plotter and obtain hardcopy of 
any graph. 


SR620 50 


Single-shot resolution 4 ps 
Time interval jitter 20 ps rms 
Maximum time interval 1000 s 
Maximum frequency 1.3 GHz 
Frequency resolution 10° Hz 
Phase resolution 0.001° 


Statistics Mean, Min, Max, 
Std. Dev, and Allan Var. 

Sample size 1 to 10° 
Analyzer Display on X-Y scope 
Graphics Histogram and 
Strip Chart 

Hardcopy Printer/Plotter 
Interfaces GPIB and RS-232 


Oven Timebase (5x10"/day) $950 


TECHNOLOGY UPDATE 


represented; aside from MIL-STD- 
1553 bus analyzers, no emulation- 
test tools, such as in-circuit emula- 
tors, appear in the list. Also, the 
roundup features no logic analyz- 
ers, spectrum or network analyz- 
ers, or ac Impedance-measuring in- 
struments. 

The history of the VXIbus is 
something of an anomaly. In a ma- 
ture market like test and measure- 
ment, you expect to find marketers 
setting strategy and engineers im- 
plementing it. But the VXIbus 
didn’t begin with marketers; it be- 
gan in early 1987 with a group of 
engineers getting together almost 
surreptitiously and writing a speci- 
fication. They based the specifica- 
tion on the VMEbus and named the 
standard VXI (VME extensions for 
instrumentation). Only after the de- 
tails had been hammered out were 
marketers invited to join the party. 
Normally, competing firms don’t co- 
operate, but the engineers who 
drafted the VXI specification came 
from companies that usually com- 
pete ferociously. 

The engineers who wrote the 
VXI specification knew they had to 
act fast, because they sensed that 
they had only a brief window of op- 
portunity to create a modular-in- 
strumentation standard that would 
be acceptable to the Air Force and 
usable in commercial applications. 

The group that originally drafted 
the VXI specification has evolved 
into the VXI Consortium, now or- 
ganized as a nonprofit corporation. 
Voting membership (called sponsor- 
ship) is open to companies that are 
working actively in the field, that 
want to invest the $25,000 initiation 
fee, and are willing to devote sub- 
stantial effort to the consortium’s 
work. Nonvoting membership in- 
volves a smaller commitment of 
both money and time. 

A firm doesn’t have to be a con- 
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Just because an instrument is compact and 
modular doesn’t mean it has to offer low per- 
formance. This pulsed microwave frequency 
counter from EIP Microwave operates to 170 
GHz. 


sortium member to supply VXIbus 
products, however, and most of the 
vendors that responded to EDN’s 
survey aren’t members. The box 
For more information... indi- 


ees 


cates those firms that are members. 
It also contains the address of the 
consortium and that of Bode Associ- 
ates, a charter member of the con- 
sortium and publisher of the 
VXIbus Newsletter. The newslet- 
ter, which costs $195/year, is a valu- 
able source of information about 
VXI products and consortium ac- 
tivities. 


VXIbus still faces problems 

The most vocal VXI proponents 
would like you to believe that the 
bus has now jumped all the major 
hurdles, which simply isn’t true. 
Though VXI has cleared some sig- 
nificant hurdles, it must overcome 
many more. No vendor has yet re- 
couped its investment in developing 
VXI products, and the chances are 
slim that in 1990 any vendor’s prof- 
its from VXI will exceed the devel- 
opment costs it has incurred. In- 
deed, the prospect of elusive profits 
is probably the reason why several 
of the founding members of the VXI 
consortium have yet to announce 
their first VXI products. 

One area that many potential us- 
ers feel the VXI standard failed to 
address adequately was how to 
build reasonably large systems. A 
full-rack-width, C- or D-size VXI 
card cage (mainframe) holds, at 
most, 13 modules (cards), of which 


VXI products needn’t be expensive as these B-size units from Hewlett-Packard demonstrate. 
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one is a resource manager. The 
standard defines four card sizes, 
with the largest—the D size— 
measuring 138.38 by 14.43 in. How- 
ever, no provision exists, even in 
the latest revision (version 1.3), for 
synchronizing more instrumenta- 
tion cards than will fit in one main- 
frame. 


MXI syncs multiple mainframes 

National Instruments has _ ad- 
dressed this problem by proposing 
the MXI bus, an extension to VXI 
that allows synchronization of cards 
in multiple mainframes and commu- 
nication with an external computer 
at speeds higher than those achiev- 
able via an I[EEE-488 interface. 
The firm is offering MXI as an open 
standard and hopes that the VXI 
consortium will adopt it. 

Another problem with the bus 
was that most of the products of- 
fered for it, until this summer, were 
so expensive that they were likely 
to find applications only in military 
test equipment. The announce- 
ments of these products conveyed 
the impression that you had to pay 
rather dearly for giving up a front 
panel you could use when all else 
failed. Most early VXI products 
cost more than their rack-and-stack 
counterparts. Yet the VXI ver- 
sions, which lack not only front- 
panel controls but also a case and 
power supply, require that you cre- 
ate or obtain controlling software 
and purchase a VXI mainframe, a 
computer, and a resource-manager 
board. 

Recently, however, a number of 
lower-cost VXIbus modules have 
emerged, including more than a 
dozen in the form of B-size cards 
from Hewlett-Packard. Most of 
these cards are register based as 
opposed to message based. Many 
offer fewer functions and looser 
specifications than their C-size 
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The computers that control VXI systems 
can be external or internal. This VXI mod- 
ule, from Radix Microsystems, is a complete 
80386-based PC with a floppy-disk drive, a 
40M-byte hard drive, and a VGA display 
adapter. It also functions as a VXI resource 
manager. 


counterparts. Whether such me- 
dium-performance units will gain 
wide acceptance remains to be seen. 
According to Don Chase, the prod- 
uct marketing manager for the Data 
Acquisition Group at Analogic 
Corp, several VXI vendors have 
told him categorically that register- 
based architectures will never suc- 
ceed in the VXI world. Chase 
claims that companies that hold this 
viewpoint haven’t taken the trouble 
to appreciate the power of the reg- 
ister-based architecture allowed un- 
der VXI, and its potential to enable 
the creation of fast, powerful, easy- 
to-use modules. 

The topic of register-based vs 
message-based architectures leads 
to the subject of instrument-control 
software. The VXIbus, with its 
open hardware architecture, its em- 


phasis on the interoperability of 
modules from different vendors, 
and its requirement that you use 
software to control module opera- 
tion, really forces the most signifi- 
cant issues in instrumentation out 
of the arena of hardware and into 
that of software. Unless the ven- 
dors of instrument-control software 
develop a strategy for providing 
drivers for the hundreds of VXI 
modules that will surely exist in the 
next few years, many users will find 
the concept of an open-architecture 
system to be a tantalizing mirage 
rather than a reality. 

If you object to creating software 
drivers for new instruments, you 
must make sure that you'll be able 
to obtain drivers for all of the hard- 
ware modules you can reasonably 
expect to use over the life of your 
system. You have to evaluate a po- 
tential software vendor’s commit- 
ment to support many manufactur- 
ers’ hardware, or the commitment 
of potential hardware suppliers to 
support your chosen software. An 
instrument-control package that 
supports only one vendor’s hard- 
ware can lock you into a single hard- 
ware source, even though you 
thought that by selecting VXI you 
had committed to an open hardware 
architecture. 

Recently, HP made an announce- 
ment calculated to ease the soft- 
ware problems associated with in- 
corporating multiple vendors’ hard- 
ware into VXI systems. HP an- 
nounced that for a nominal fee it 
would license other vendors to 
use—and extend without HP’s prior 
approval—an instrument-command 
syntax called TMSL (test-and- 
measurement systems language). 

TMSL’s goals are ambitious. HP 
is attempting a feat at which no- 
body else has ever really succeeded: 
the creation of a truly universal, in- 
strument-command syntax. If TMSL 
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National 
Semiconductor 


A-to-D perfort 
test of time... 


THE ADC1241 12-BIT PLUS 
SIGN SELF-CALIBRATING A/D 


CONVERTER FROM NATIONAL. 


The ADC1241 guarantees im- 
proved A-to-D performance over the 
long haul, covering the full industrial 
and military temperature ranges. That 
means no missing codes, not at 125°C 
in the shade or 55°C below zero. It 
means no parametric drifts, not today, 
tomorrow or ten years down the line. 
It means the ADC1241 is designed 
to last in your high-performance, 
microprocessor-based design. 


MORE CODES, MORE 
RESOLUTION, MORE SPEED. 


With 12 bits plus sign, the 
ADC1241 offers twice the number of 
codes (8192) and twice the resolution 
(1.22 mV) of standard 12-bit devices. 
And it’s fast: conversion (13.8 ws) and 
acquisition (3.5 ps) times are guaran- 
teed over the complete industrial and 
military temperature ranges. 


WITH SELF-CALIBRATION. 


Self-calibration prevents para- 
metric drifts due to time and 
temperature, thereby improving 
overall system performance. It also 
minimizes non-linearity and zero 
errors Over temperature. This 
eliminates the need for external 


RAM 
(CORRECTION 
TERMS) 
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that stands the 
d temperature. 


ALL ON A MINIMUM OF POWER. 


The ADC1241 operates ona 
scant 70 mW (maximum) of power, 
making it ideal for portable or remote 
applications. And it can accommo- 
date a unipolar analog input voltage 
range (OV to +5V) or a bipolar range 
of (5V to +5V) with +5V supplies 
and a single +5V reference. 


FILLING OUT THE FAMILY. 


The ADC 1241 is the newest 
member of National’s growing family 
" of high-performance data conversion 
products, joining a full array of A/Ds, 
D/As, analog switches, filters, sample- 
and-hold devices, multiplexers, voltage 
references, and temperature sensors. 


adjustments, saving you precious 
board space and reducing your 
manufacturing costs. 

The ADC1241 goes through a 
self-correction cycle during every 
conversion to adjust non-linearity 
errors to less than +1/2 LSB and zero 
error to less than +1 LSB. On request, 
the device also performs offset and/ 
or non-linearity calibration. 


AND ON-BOARD 
SAMPLE-AND-HOLD. 


By integrating a high-speed 
sample-and-hold, the ADC1241 will 
track and hold the analog signal 
without the cost of additional com- 
ponents, testing or board space. 


DATA BUS 


TIME TO ACT. 


For information on the ADC1241 
—or any data conversion product, 
take the time to call us toll-free at 
1-800-624-9613, Ext. 89, or write to: 
National Semiconductor Corpo- 
ration, P.O. Box 7643, Mount 
Prospect, IL 60056-7643. In just 
a few minutes, we'll show you an 
A-to-D converter to last the ages. 
Regardless of the temperature. 


COMPARATOR 


a 

OFFSET 

CORRECTION 
DAC 


LINEARITY ¥ 
CORRECTION 
DAC 


National 
Semiconductor 
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HP-designed interface ICs used in 
the system to sell them on the open 
market. 

Partly as a result of this move, 
HP landed a substantial military 
subcontract (with General Electric), 
and a handful of other vendors have 
gone on record as supporting the 
70000 architecture as the preferred 
means of incorporating microwave 
instruments in VXIbus-based sys- 
tems. Other firms, such as Tek- 
tronix, have stated that there is no 
need to use a separate packaging 
scheme to accommodate microwave 
instruments in VXI systems; also, 
they believe that adoption of the 
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70000 architecture as an adjunct to 
the VXIbus would give HP an un- 
fair advantage. 

These vignettes emphasize the 
unusual nature of the VXI commu- 
nity: Many VXI vendors are long- 
time rivals, but despite their occa- 
sional differences, they share a 
unique sense of purpose where VXI 
is concerned. Because they want— 
and expect—VXI to _ succeed, 
they’re willing to go the extra mile 
to help users. Also, many of the 
people you'll deal with at VXI sup- 
pliers are engineers themselves. 
They know that it was a group of 
working engineers—not marketers 


567 Enterp 
Columbus, | 
(800) 


_ Circle N 


or accountants, and not an [IEEE 
standards committee—that found 
an innovative way for competitors 
to cooperate. Vendor personnel 
who support VXI feel that, because 
of VXI’s origins, the success of the 
bus will be a triumph for engineers. 

Tables begin on pg\60. 


Article Interest Quotient 
(Circle One) 
High 512 Medium 513 Low 514 
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Table 1—VXibus Products 


Use Table 1 as the first step in locating the VXI products appro- 
priate for your application. The table contains a condensed state- 
ment of each product’s most significant attribute. Abbreviations 
in the table that aren’t commonly used in EDN are decoded in 
the notes after the table. 


When using the table, remember that the classification of pro- 
ducts by type is somewhat arbitrary. A microwave counter is listed 
as a counter, but it could just as well have been called an RF and 
microwave instrument. When trying to locate a particular type of 
product, look under all of the classifications that might contain it. 


Base US First 


Vendor Model Size? Major characteristic(s) list price shipment 


ADCs, fast digitizers, related units 
Bi | 8channel, 16-bit, 200k-sample/sec ADC | $3700 || 
Bi 10/88 
02 9/88 


Analogic DVX2502 
DVX2601 
Tektronix VX15260 
Bicc-Vero 203302533 
203303169 
63302183H 
63302182L 
63302880D 
Colorado Data Systems 73A-021 
Hewlett-Packard E1300A 
E1301A 
E1400B 
interlogic Industries VXIJ1J2-5 
VX1J1J213 active summing-bus protection 
National Instruments VXI-1000 
Racal-Dana Instruments 1261 


1262 
Schroff 8U Rack 
20800-250 
20800-253 
Standard Logic 110701 
110861-3 
Struck STR8001 
STR8002 
Tektronix VX11405 
VX11500 
Tracewell Enclosures 23/| 
23/Il 
Universal Test Equipment VX-000 


Chassis, enclosures, backplanes 


4/89 
13-slot, powered, uncased, C-size cage 9/89 
6-slot, 10-layer, C-size backplane 2/89 
11/88 
9188 
$5095 1/88 
s2a00 | 11/89 
$2800 11789 
$6275 1/80 


$5985 
[$2300 
[$2800 
[$8975 
$596 
i 
4/69 
Peo 
: [$992 
[$6000 
$7500" 
i 7 $9600 
i $0985 
, $6900 
$0900 
$2995 


5-slot, C-size, powered VXI mainframe 
C-size VXlbus chassis 


Computers, slot-0 boards, peripherals 


$3700 | 6/89 


5- and 13-slot backplanes with ECL clock buffer and $596 8/89 


8/89 
9/89 
1/89 
1/89 
6/89 


Subracks w/o backplane; all sizes $108 
7-layer backplane $992 1988 
Powered C-, D-size 7-slot card cages $60004 10/89 


13-slot, powered, D-size mainframe $9995 8/89 
Powered C-, D-size 13-slot mainframes $6900 8/89 
Power to 1500W. Backplanes have 14 layers $8900 | 8/89 


Powered A-size chassis with controller 


Powered C-, D-size 13-slot card cages $75004 12/89 
5-slot, powered, C-size mainframe $3600 Q2/89 


* 


$2995 12/89 


Colorado Data Systems 73A-151 Slot-0 card with IEEE-488 interface | $2495 
73A156_| Ot _| SlotO card that acts as MATE ICM _——=sS~S~«dt=C«t |B 
7an160__| 04 | 1@MHz ‘286 OPU, slot0, IEEE-486 interface ——=«dt~=C«s8S «|= 
73A-931 | | 640x200-pixel EL display (see text) 5/89 
73A-932 101-key ‘‘enhanced”’ keyboard $140 5/89 


Notes: 1. Abbreviations not commonly used in EDN appear in the list below. 


Abbreviations: ARINC Aeronautical Research Inc 


2. Board format (A, B, C, or D) and number of slots occupied. If no size is D/R digital-to-resolver 


indicated, the product isn’t a VXI module. 


form-C spdt break-before-make 


3. Prices are for one piece. Where vendor indicated a price range, only the l current 


low price appears. 


IAC instrument on a card 


4. “‘Budgetary’’ (estimated) price. ICM Instrument Control Module 

5. Price won’t exceed amount indicated. MATE Modular Automatic Test Equipment 
6. Vendor didn’t indicate size. opt optional 

7. Product is in production. Vendor didn’t indicate date of first shipment. ppb parts per billion 


resistance 
R/D resolver-to-digital 
S/R synchro/resolver 
wio without 


Z impedance 
Table continued 


EDN November 23, 1989 


More Emulation 


OTHERS 


Sophisticated Trace Triggering /Debug by Symptom fc tandard | Optional 


Hi- Level Language Symbolic Debugging 


Real Time Processor Function Monitoring 


Extensive Macro Capabilities 


Support For Over 170 Microprocessors 


HIGH-LEVEL 
language source 
lines and symbols 
are shown in both 
the disassembled 
trace and break- 
points. 


SPLIT-SCREEN 
display provides 
multiple work 
areas and different 
views of data. 


BREAKPOINT 
shows register 
contents and 

allows modification; 
registers are 
highlighted as they 
change. 


Optional 


How To Get 
More Emuiation 
For Less 


Less Cost 


ORION + 80186 
Seen eras 2g ai +68 HCl 

SOPHIA SYSTEMS 

Base + 8051 

AMERICAN AUTOMATION 


+80186  |+68HCI1 


Base +8051 _ + 80186 +68 HCI 


APPLIED MICROSYSTEMS 
Base + 8051 


. $8,000 


+ 80186 +68 HCI 


$16,000 $24,000 


— ANALYZER TRACE 


triggering shows 
realtime instruction 
execution enabling 
you to debug by 
symptom. 


a 


DEBUG POPUP 
gives immediate 
access to break- 
points, single- 
steps and all 
debug functions. 


POPUP MENUS 
make the 8620 the 
easiest development 
system to learn 

and use. 


Go ahead and compare the 8620. There’s nothing else like it. The feature-rich 8620 gets your product to market 
faster and costs less. Call for a demonstration and free demo disk. ORION INSTRUMENTS, Inc., 702 Marshall Street, 
Redwood City, CA 94063. FAX (415) 361-8970. 
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FREE 
Demo Disk! 


OR104 | 


DEMo Disk 
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Table 1—VXIbus Products (Continued) 


Base US 
list price? 


First 
shipment 


Major characteristic(s) 
Computers, slot-0 boards, peripherals (continued) 


Vendor 


Evira 9/69 
Hewlett-Packard 1190 
| Er480d | C4 | 68080-based CPU and resource manager] 
9/88 
Ics 10/89 
National instruments 10/89 
Allows control of VXibus via IEEE-488 8/89 
NH Research Slot-0 card. RS-232C, 2 IEEE-488 ports 12/89 
Racal-Dana Slot-0 resource manager 1/89 
1790 
Radix Microsystems EPC2000 1189 
Struck 3/90 
C.D 11789 
Tektronix 16-MHz '386-based CPU/slot-0 card 8/89 
20-MHz '386-based CPU/slot-0 card 8/89 
Giordano Associates 6/88 
Hewlett-Packard 11789 
17789 
NH Research 12/89 
Tektronix [vxiaaao [Ct [ 6 ports drive external AF relays =SSS*~*~“~*é‘dtC*S*«SC*d;SC*«TR 
Universal Test Equipment | Vx86 | Ai__| 8 programmable unitunder-test stimu ——=~=~*~“~*‘dtC*S*«SSSC*d;SC*«sB 
24-line variable-threshold logic input | oes 12/89 
Pentek DC-to-20-MHz +3 ppm; resolves 32 bits 
Racal-Dana | 1190 
Rubidium frequency standard 1/90 
Frequency-domain measurements — CC : 
NH Research Measures p-p ac V in 7 frequency bands 12/89 
Slot-0 card. RS-232C, 2 IEEE-488 ports 8/89 
| _VXI5530 | D2 | 16-MHz '386-based CPUislot-0 card 8/89 
[vxiss35 [D2 | 20-MHz"386-based CPUsslotO card —=—=SSCS*dtC=C« SGC 
Universal Test Equipment | VX:57__ | Ad _| Alphanumeric display 1.2-n. characters —=*=~=“‘dtCSC*«éRSC;SSCSC«C 
[vx-53 | At _| Controls VMEbus from RS-232C or RS-422—=~=*~=~=‘“(;C*«OSSSSCSC«* 8 
[vx:54 | At_| Like VX63 but uses Centronixpot—SS*=~=<~*~‘stC*SC*~«COSSSC*dSC*«t 
 —rhm—™* Digital 1/0, pin drivers/receivers &°&3&3237X©CN 
Colorado Data Systems 10/88 
11789 
10/89 
5/69 
4/69 
80 nonisolated TTL/CMOS 1/O lines 8/89 
10-MHz counter with time-tag memory | $2205 5/89 
73A-993 C1 160-MHz universal counter; 1.3-GHz opt $3500 4/89 
Notes: 1. Abbreviations not commonly used in EDN appear in the list below. Abbreviations: ARINC Aeronautical Research Inc 
2. Board format (A, B, C, or D) and number of slots occupied. If no size is D/R digital-to-resolver 
indicated, the product isn’t a VXI module. form-C spdt break-before-make 
3. Prices are for one piece. Where vendor indicated a price range, only the | current 
low price appears. IAC instrument on a card 
4. ‘‘Budgetary”’ (estimated) price. ICM Instrument Control Module 
5. Price won't exceed amount indicated. MATE Modular Automatic Test Equipment 
6. Vendor didn’t indicate size. opt optional 
7. Product is in production. Vendor didn’t indicate date of first shipment. ppb parts per billion 
resistance 


R/D resolver-to-digital 
S/R synchro/resolver 
wlio without 

Z impedance 


Table continued 
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Introducing Vivisun Series 2000, the programmable switches can replace 50 or more dedicated switches 
display pushbutton system that interfaces the and the wiring that goes with them. In short, 
operator with the host computer. The user friendly Vivisun Series 2000 gives you more Control Over 
LED dot-matrix displays can display any graphics everything including your costs. 

or alpha-numerics and are available in green, red Contact us today. 


or amber. They can efficiently guide the operator 


through any complex sequence, such as a checklist, 
with no errors and no wasted time. O AEROSPACE OPTICS INC. 

They also simplify operator training as well as 3201 Sandy Lane, Fort Worth, Texas 76112 
control panel design. Four Vivisun Serics 2000 (817) 451-1141 + Telex 75-8461 + Fax (817) 654-3405 


SERIES 


Programmable display switches. Making the complex simple. 
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Table 1—VXIibus Products (Continued) 


Base US 
list price? 


Vendor Major characteristic(s) 


Digital 1/O, pin drivers/receivers (continued) 


EIP Microwave EIP 1230A Pulsed microwave counter 100 Hz to 170 GHz $17,400 
EIP 1231A C3 Pulsed microwave counter 100 Hz to 20 GHz $14,700 


Hewlett-Packard E1332A B1 4-channel, 4-MHz counter/totalizer $900 


E1333A B 3-channel, 1-GHz counter $900 
9-digit, 20-GHz microwave counter $4585 
9-digit, 13. 


1 
Racal-Dana 2151 C2 


msi | i $0260 

Tektroni vxiazea [oi $9500 
MIL-STD-1553 products 

$9400 
$9500 
$4995 


Power sources, loads, resistors 


1 Programmable R: 100 to 500 kQ | $1895 


Colorado Data Systems 73A-453 
Digital Technology DTI-2180 


C1 
C1 
ILC Data Device BUS-65522 B1 


First 
shipment 


1/90 
1/90 
11/89 
11/89 
1/89 
1/89 
8/89 


"9/88 


3/90 
ese 


9/88 


Colorado Data Systems C | $1895 
NH Research | sia01 |r 12169 
: 12169 
Struck 8/88 
Universal Test Equipment | VXi49__|_Ai__| Programmable R—10 (ow) to6MO_———SSSC«d;~=C«éSSSC«’SC*B 
: Power supplies for VXI mainframes | 
Unipower [PH Series [| Outputto 1 kW:5 212, 224, 52, ev «SCBCD 
Westeor [sever || 2x85xii5in, Boutput 1200W supply ——=S=SS«;=SC« SSC 
= : Prototyping hardware, adapters —sS 
BiccVero 4/88 
[633031034 | Ci__| Wrappable prototype board with VME interface «| S«dYCCC«R 
[ 206308188 | Ci_| Allows mounting B card in C backplane SS*dYSSSCS*~‘“tCSC*«é 
4/88 
Colorado Data Systems 5/88 
6/88 
9188 
1188 
Hewlett-Packard 11/88 
9/88 
9/88 
[E1402 | Ci | Mounts VME Bsize card in VXIC sit —=SSSSC*dSC« S| —«8O 
9/88 
ics 12/88 
Pextousso || C-size passive extender —SSSCSC*~“~*é‘“dtCSC*~‘IOSC*d;C*«*«é 
Radix Microsystems 6/88 
Standard Logic 1988 
Struck Wrappable 2-layer prototype boards | Seem 8/89 
STR8023 C,D1 Passive bus extender; front test points 25004 9/89 
Notes: 1. Abbreviations not commonly used in EDN appear in the list below. Abbreviations: ARINC Aeronautical Research Inc 
2. Board format (A, B, C, or D) and number of slots occupied. If no size is D/R digital-to-resolver 
indicated, the product isn’t a VXI module. form-C spdt break-before-make 
3. Prices are for one piece. Where vendor indicated a price range, only the I current 
low price appears. IAC instrument on a card 
4. “Budgetary’’ (estimated) price. ICM Instrument Control Module 
5. Price won't exceed amount indicated. MATE Modular Automatic Test Equipment 
6. Vendor didn't indicate size. opt optional 
7. Product is in production. Vendor didn’t indicate date of first shipment. ppb parts per billion 
R resistance 


R/D resolver-to-digital 
S/R synchro/resolver 
wio without 

L impedance 
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Table continued 


Packaging 


Makes 


the Difference 


If you want your system to look 
its very best, look to Electronic 
Solutions. 

The first thing you'll find is that the 
beauty we add to your board level 
system Is a lot more than skin 
deep. It will look better, sell better, 
and work better in an Electronic 
Solutions enclosure, for a lot of 
reasons: 

Engineered Cooling for maximum 
performance from the new, high- 
density cards. 

Built from Experience: We ve 
been the enclosure experts since 
board-level systems began. 


eda | co 

San oni 
DIATELY eee oc omg 
LEASE DELIVER tMME mae 


FAK Cros % 
. RETO EE anor rom 


——— eal 


COMPANY eee coaeaenaaee 


pe 


SSiereet 


ameneownmrmare ame ® re i 


Safety and EMI/RFI Approvals 
by UL, CSA, TUV(IEC380) and the 
FCG. 


Ws © iO me ic 


Off the Shelf or Built to Order: 
From simple needs like paint and 
labeling to complete reshaping for 
the most unusual requirements —we 
do it all. Most of the time we have a 
big head start. 

See how packaging can make the 
big difference to your system. Give 
us a Call today on our toll-free 
numbers. 


See Us at BUSCON EAST, Booth 304 © 
or MIDCON, Booth 315 _ 


Huge Selection of 
Complete Enclosures 


Tabletop 4,7,10,12,15 slots 
3%" Rack 4 slots 

7” Rack 7,10 slots 

10%” Rack 12,15 slots 
DeskMate 7,10,12,15 slots 


Tabletop 3,5,6,7,12, 
20,32,40 slots 

3%" Rack 3 slots 

7” Rack 5,7 slots 

10%” Rack 12 slots 

14” Rack 12,20,32,40 slots 

DeskMate 5,7,12 slots 


Tabletop 6,7,12,20 slots 
7" Rack 7 slots 
14” Rack 12,20 slots 
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Table 1—VXIbus Products (Continued) 


Vendor 


Major characteristic(s) 


Prototyping hardware, adapters (continued) 


Base US 
list price? 


First 
shipment 


Tektronix VXI1321 Development module with bus interface $1950 
VxI1421 Development module with bus interface $2150 


VX11510 


VX11521 Development module with bus interface 
RF and microwave instruments 
California Avionics 9900 C2 DC-to-500-MHz amplifiers, attenuators 


Hewlett-Packard E1416A C 
E1368A 
E1369A 


Quartzlock Instruments dB125-VXl| 


ws 


Bt 
B1 


2100 | _ ies 
$500 11769 
$3500" | 5/89 


| D3 | Converts 3 VXI D slots to 4 VME B slots $2995 8/89 
VX11520 te Solderable prototype board; no bus interface $1395 8/89 


$2250 


$27004 6/90 


Colorado Gata Systeme | Tanase | C1] e-chennel, eet OAC] sean | 0 
ae | oe lidendsmagen oT ee) 
Giordano Associates 4 15/25-MHz A/D stimulus/response lines 1/88 
Hewlett-Packard 4 isolated, 16-bit V- or l-output DACs 11/89 
2 See ae 
Quartzlock Instruments | 181-VXI_ | © | 20-MHz synthesized-function generator 
Tasco | TVXVSTMS | & — | Serial word generator, analyzer 6/89 
Tektronix | Veo |) Ot SC 100-MHz, 10-bit waveform generator $7995 8/89 
Hewlett-Packard | Een CC 
maa 
National Instruments = | LabWindow | 
| LabVIEW | —_| Macintosh icon-based instrument control 
NH Research 6S, GE Ea EE 
Radat Systems A | 
Toktroni a aa 


Universal Test Equipment | —__VXS-1 


Test generator for MS-DOS and HP 9000 $995 10/88 
Instrument control in QuickBasic, C $495 10/89 


$1995 8/89 
12/89 


For programming, debugging of ATE $1500 6/88 
PC-based test-management system $2995 10/89 
PC-based. Controls VX-000, 8 cards $1595 12/89 


Specialized and miscellaneous products 


Tasco TVXI-429 16 ARINC-429 communications channels $7500 3/90 


_ Analogic DVX2701 


Switching matrices, multiplexers 


Multiplexer: 32 differential channels $995 10/89 


B1 
can Feo —| Et sinebya apanahe oom sane ———| “ost oo 
Colorado Data Systems 73A-332 $1995 12/89 
73h 32 si498 | 12s 
Hewlett-Packard E1345A | 81 | 16-channel relay multiplexer == =  ~—«| «$650 11/89 


E1460A 64-channel, 4-wire relay multiplexer $2400 1/90 
E1346A 48-channel, single-ended relay multiplexer $800 11/89 


E1366A Bi Two 1x4, 1.3-GHz, 502 multiplexers 


Notes: 1. Abbreviations not commonly used in EDN appear in the list below. 
2. Board format (A, B, C, or D) and number of slots occupied. If no size is 
indicated, the product isn’t a VXI module. 
3. Prices are for one piece. Where vendor indicated a price range, only the 
low price appears. 
. ‘‘Budgetary’’ (estimated) price. 
. Price won't exceed amount indicated. 
. Vendor didn’t indicate size. 
. Product is in production. Vendor didn’t indicate date of first shipment. 


NODS 


B1 
E1347A Thermocouple relay multiplexer $750 11/89 
1 


$850 11/89 


Abbreviations: ARINC Aeronautical Research Inc 


D/R 
form-C 
| 

1AC 
ICM 
MATE 
opt 
ppb 
R 
R/D 
S/R 
wio 

Zz 


digital-to-resolver 
spdt break-before-make 
current 
instrument on a card 
Instrument Control Module 
Modular Automatic Test Equipment 
optional 
parts per billion 
resistance 
resolver-to-digital 
synchro/resolver 
without 
impedance 
Table continued 


EDN November 23, 1989 


cS ECE OS abe RBA aaa 
ey 
Fok ee 


; 
: ne 
;;, So cent okie deat 
ee “s Lanse 
eI ARDEA HRY LATS ONAN ES HALO LTE IN. 


ss Bernini notasctincieis vise tise Cicasnvisas Semi e eC 8 ae eT RS IIMA EO? OUI 


From 
wireframe 
to solid with 
just a touch. 


Mentor Graphics lets electronic 
package designers automatically 
convert 3D wireframes to solid 
models. 

That’s right. The benefits of solid 
models. Directly from wireframe. 
Automatically. 

Just enter your design using 
familiar, efficient wireframe tech- 


— eualues. Then automatically con- 


ee vert to solids. With shaded 
= images. Geometric and mass 


ti 7 : | | properties. And hidden line 
eee removal. 


Se @ée=swPackage Station is the 

: : s first CAE/CAD system de- 

m= signed expressly for the 

eetonie package engineer. With geo- 
metric modeling, drafting, technical 
documentation and thermal analysis all 
in a single system. And tight links to 
Board Station, our PCB layout system. 

For the first time, PCB and package 
designers can share vital design infor- 
mation. Immediately. Accurately. And 
perform thermal analysis that includes 
conduction, forced convection and 
radiation. 

At last, you head off both mechani- 
cal and thermal problems before they 
ever reach manufacturing. 

So let us show you why we've got 
the right touch in electronic package 
design. 

Phone 1-800-547-7390. 
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Table 1—VXibus Products (Continued) 


R/D resolver-to-digital 
S/R synchro/resolver 
wio without 

z impedance 
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Base US First 
Vendor Model Size? Major characteristic(s) list price? shipment 
: Switching matrices, multiplexers (continued) . 
ee 
Hewlett-Packard (Cont) [~ E1967A__| Bi _| Two 1x4, 750, 13.GHz multipioxers ——=S~S*~*~*~rSC*« 17769 
1180 
EVA7GA 1780 
11/88 
Matrix Systems aise 
NH Research $25004 12169 
Racal-Dana Family of relay signal-switching cards 1/89 
Synchro/resolver/phase instrumentation _ 
ILC Data Device a1/80 
North-Atlantic Industries 11769 
Transmagnetics 
Wideband phase-angle voltmeter 7 
5410-C42 ; 
6 R/D and 1 D/R converters (12 bits) 7 
$4800 : 
0.001° angle meter, S/R stimulus 7 
: Systems and multiple-module subsystems 
Colorado Data Systems | 73A-ATX | | Powered cage and 12-MHz, '286-based PC $12,995 7/89 
| 73A-PCX | | Powered C-size cage with IEEE-488 interface $8395 
7aaPRT |__| 78A-POX plus wrappable prototype board ——=~=~*~*‘z;C=*«R S| CBS 
[7aaex |__| 76A-POX less PC Bus IEEE-488 interface ——=*~=«‘“zéC*S~*« TOMS | C«BS 
TaAMCX [| 7SA:IBX with MATE IAC compatiblity ——~=*~“‘*é‘dtC‘OOSSC«dYSCSC 
638 
Kikusul International 9/88 
National Instruments Slot-0 card, PC/AT-MXI interface, LabWindows 10/89 
NH Research 2190 
Parametric Technology | _PTS4 Q4/e9 
Voltmeters, ohmmeters, multimeters 
Hewlett-Packard | E1326A | B2 | 55-digit integrating, 14-bit fast ADCs 11/89 
1780 
1780 
Tektronix 8/69 
Universal Test Equipment | Vx169 [| At_| DMM—dolac Vi ohms SSC~=“*‘*dCSC*«ROS:*SC*dSC*C*‘i 
[vxes | At | Milimicro-ohmmeter finds short circuits —~=~=~*~‘“rtCS*«RSSSSSC« 
Wavetek 9/89 
1362 MT C1 MATE-compatible version of 1362 $3995 9/89 
Notes: 1. Abbreviations not commonly used in EDN appear in the list below. Abbreviations: ARINC Aeronautical Research Inc 
2. Board format (A, B, C, or D) and number of slots occupied. If no size is D/R digital-to-resolver 
indicated, the product isn’t a VXI module. form-C spdt break-before-make 
3. Prices are for one piece. Where vendor indicated a price range, only the | current 
low price appears. IAC instrument on a card 
4. ““Budgetary’’ (estimated) price. ICM Instrument Control Module 
5. Price won't exceed amount indicated. MATE Modular Automatic Test Equipment 
6. Vendor didn’t indicate size. opt optional 
7. Product is in production. Vendor didn’t indicate date of first shipment. ppb parts per billion 
R resistance 


330" 


The opportunity for automated, low-cost assembly is a key 
benefit of surface-mount technology, but is often wiped out by 
the high price of surface-mount components. Now, Mini-Circuits offers a new series of 


SCM-1L SCM-2L 


SPECIFICATIONS SCM-1NL SCM-2NL 
(typical) (L=with leads) (NL=no leads) 


FREQ. RANGE (MHz) 


mixers to meet the pricing demands of SMT... only $3.30 in 1,000 quantity ($3.95 ea. in LO,RF 1-500 10-1000 
quantity of 10)...at a cost even lower than most conventionally-packaged mixers. IF DC-500 5-500 
The SCM-1 spans 1 to SO0OMHz and the SCM-2 covers 10 to 1,000MHz. Housed ina  CORVERSIONLOSS (cB). aS 
rugged, non-hermetic 0.4 by 0.8 by 0.3 in. high (maximum dimensions) plastic/ceramic Total Range 75 0B 8.0 dB 
package. Spacing between connections is 0.2 in. The mixer is offered with leads ~——\SOLATION (dB) (L-R)(L-!) — (L-RY(L+N) 
(SCM-L) or without leads (SCM-NL) to meet a wide range of pc board mounting Low-Band 60 45 45 35 
configurations. Mid-Band 45 40 35-30) 
High-Band 40 35 25 20 


Each SCM is built to meet severe environmental stresses including mechanical shock/ PRICE $3.30 (1000 qty) $4.15 (1000 aty) 
vibration as wel as temperature shock. The operating and temperature storage range Is $4.25 (1-9) $5.45 (1-9) 
-55°C to +100°C. Each SCM, designed and built to meet today’s demanding reliability = Gpits are shipped in anti-static plastic 

requirements, carries Mini-Circuits’ exclusive 0.1% AQL guarantee of no rejects on every —_— ‘tubes’ or “sticks” for automatic insertion, 

order shipped (up to 1,000 pieces). *NOTE: L & NL suffix for ordering only 


When you think SMT for low-cost production, Not marked on units 
think of Mini-Circuits’ low-cost SCM mixers. 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
CIRCLE NO 46 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 C 115 REV.D 


rr 


‘Top 40 programming. 


2 en tee ? : ctl : 
Mechanical computer-aided Computer-aided imaging and Computational fluid 
engineering animation dynamics 


Computer-aided engineering Finite element modeling and Network computing and 


analysis mathematics 
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Computer-aided design 
in manufacturing 


Satie ey, 
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Reservoir analysis Computational fluid Computer-aided engineering 


dynamics 
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Computer-aided engineering Mechanical computer-aided Automotive industrial design 
and industrial design engineering 
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Mechanical design Scientific visualization Aerospace engineering Kinematics and dynamics 
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wailable for any network. 


omputer-aided molecular Multi-window industrial Computer-aided engineering 
design design and design 
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Industrial design Structural analysis using Aerospace engineering 
Sinite element analysis 


Lt 


romputer-aided engineering Automotive engineering Computational fluid 
dynamics 


Computational fluid Industrial design 
dynamics 


Computer-aided engineering 


Scientific visualization 
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Apollo’s Series 10000 now 
brings supercomputer 
performance to the desktop. 


Your project team can’t share its 
work. Your current system lacks the 
horsepower for timely solutions. 
And you can't afford a super- 
computer for your network. 


Hewlett-Packard has a better way. 


It’s the Apollo Series 10000. Mini 
supercomputer performance that 
can dramatically increase the power 
of any network. At a fraction of the 
cost of a supercomputer. 


Inside, the remarkable Series 10000 
supports up to four amazingly fast 
processors. Each with its own integer 
unit, dual floating-point processors, 
and large cache memory. Which 
quickly deliver high-resolution, 
colorful 3D graphics. All of which 
makes the Series 10000 ideal for 
analysis, modeling, or imaging. 


Even better, the Series 10000 offers 
the flexibility to attack more than 100 
of the leading engineering and design 
application areas. All, of course, in 
an industry-standard UNIX environ- 
ment that can be linked to a wide 
variety of networks—including IBM 
token ring and Ethernet. 


The best part is that Apollo’s reliable 
and innovative engineering is now 
backed by Hewlett-Packard’s 
exceptional worldwide service and 
support network. 


If you'd like more information on 
how the Series 
10000 can help 
your project 
team solve its 
problems 
better and 
faster, call 
1-800-323-1846 


( ts it call 

947-101 1). The Series 10000 
There is a better way. 
A subsidiary of 


HEWLETT 
PACKARD 
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Copyright © 1989 Tektronix, Inc. All 


Beware of bargain digitiz- 


_ing oscilloscopes that look 


ability with Tek’s free se 
Evaluati lon nS 


‘= Will it accurately capture 


and measure your signals? 


You cant safely assume 
that all scopes will meet. 
_ these Si imple challenges. 

_ See for yourself: The kit 
includes a compact, sur 
face- ‘mount circuit So 


yas: Ses 


ORES wigtt 


You'll be guided by an easy- 
to-follow, fully illustrated 


instruction manual. Even the 


Louie is included. 


- Before you buy a DSO, © 


: you owe it to yourself to put 
_any scope you're consider- 
ing to the test. When you ~ 
put Tek digitizing scopes 
copa aly § ve DSO, 
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Why your best choice 
for SCSI-II connectors _ 


may not be 
a connector company at all. 


If you need SCSI-II connectors, you can buy them 
from a company that makes connectors. But an 
even better idea may be to buy your SCSI-II con- 
nectors from a company that makes computers. 


Last year we made about $10 billion worth of 
computers and peripherals. Ranking us among PCB-to-cable con- 
the top four computer manufacturers in the world. i nectors, your best 
And every Fujitsu computer was chock full of supplier may be a connector company that's also 


So when you 
need connectors, 
F even hard-to- 
find connectors like 
half-pitch SCSI-II 


Fujitsu connectors. something more. 

Our reputation for quality and reliability de- Please call Fujitsu Mikroelektronik GmbH at 
pends on the reliability of every single component. 49-69-66320. 
Including connectors. FCN-230 Series Connectors 

So we've learned to make components of Item Specifications 


uncompromising quality. And we've learned that 


. Operating Temperature | —55°C to +105°C 
the best way to make them economical for our P S P 


own systems is to supply them at reasonable Cua aes pa 
prices to companies like yours as well. Voltage Rating 240VAC 
Today, components — along with computers Contact Resistance 30mQ os at 6VDC, 0.1A 
and communications — are an important part of Insulation Resistance | 1000M@ min. at 500VDC 
our $16 billion annual sales. Dielectric Strength 750VAC for 1 minute 
No. of Contact 50, 68 


co 
FUJITSU 


FUJITSU MIKROELEKTRONIK GmbH: Lyoner StraBe 44-48, Arabella Center 9. OG./A, D-6000 Frankfurt Niederrad 71, F.R. Germany Phone: 069-66320 Telex: 0411963 Fax: 069-6632122 
FUJITSU COMPONENT OF AMERICA, INC.: 3330 Scot Bivd., Santa Clara, California 95054-3197, U.S.A Phone: 408-562-1000 Telex: 910-338-0190 Fax: 408-727-0355 

FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED: 805, Tsim Sha Tsui Centre, West Wing, 66 Mody Road, Kowloon, Hong Kong Phone: 3-7320100 Telex: 31959 FUJIS HX Fax: 3-7227984 
FUJITSU LIMITED (Electronic Components, Electronic Devices International Technical Marketing Div.): Furukawa Sogo Bidg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan 
Phone: Nationa! (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: 2224361 Fax: (03) 215-1961 
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TECHNOLOGY UPDATE 


The role of ASIC 
verification testers 
has been reduced 
by high-quality 
simulation. How- 
ever, these tools 
can still help you 
smooth the ASIC 
development 
cycle. 


Doug Conner, 
Regional Editor 
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- tion can examine any node 


Verification testers 
ease ASIC development 


Ithough the need for ASIC 
verification testers hasn’t 
grown as rapidly as was pre- 
dicted five years ago, the de- 

_ m=Vices may have a place in 
your - ASIC development process. The 
fact that the testers have not become 
prevalent is due, in large measure, to 
the advent of high-quality simulators. 
To understand how verification testers 
fit or don’t fit into your ASIC develop- 
ment scheme, you must be aware of 
their benefits and drawbacks while you 
consider the entire ASIC development 
process. Problems in the ASIC develop- 
ment process generally spring from one 
of four sources: determining require- 
ments, simulation, fabrication defects, 
and testing. 

The majority of defective ASIC de- 
signs stem from problems in the require- 
ments phase. Specifically, your ASIC is 
inadequately or improperly defined. 
If your design requirements aren’t so- 
lidified, they may change while the 
ASIC is in development. 
Although a_ verification 
tester and the eventual 
target system itself can 
uncover such problems, 
both methods are undesir- 
able because you will have 
already spent the time and 
money necessary to fabri- 
cate the ASIC. Whereas 
verification testing is lim- 
ited to device pins, simula- 


in an ASIC. Therefore, 
thorough simulation, per- 
haps including board-level 
simulation, is the best way 
to uncover such problems. 


The majority of simulation errors oc- 
cur because of incomplete simulation, 
and verification test programs are usu- 
ally developed from simulation test vec- 
tors. Therefore, verification testers sel- 
dom find problems that can’t be discov- 
ered using simulation. 

Another source of simulation errors 
is the simulation itself, which usually 
means errors in the models, such as 
faulty transistors, used in the simula- 
tion. Because these errors are caused 
by the simulation, simulation can’t un- 
cover them. Fortunately, such errors 
are uncommon. In standard gate-array 
developments the likelihood of running 
into a model error problem is near zero. 
However, in a high-performance custom 
design the chance of a model error is 
more likely. There are more variables 
to be considered in custom design, and 
performance demands usually mean that 
foundries must push models closer to 
their limits. 

Depending on the nature of the 


The 50-MHz clock and data-rate tester es Tektronix supports 
up to 256 I/O channels. 


gs 


Westcor’s compact and low profile 
StakPaks redefine power packaging with 
unprecedented power density and output 
flexibility. Patented megahertz module 
technology provides up to 6 watts/cubic 
inch and up to 8 isolated and fully regu- 
lated outputs (5 outputs for StakPak ID) 
while at the same time guaranteeing high 
reliability and reduced time to market. 


Consider these standard features: 
¢ Standard or custom outputs (2-95 VDC) 
¢ UL, CSA, VDE (TUV) Safety Agency 
Approved (StakPak II in process) 
¢ 80% Efficient, typical 
¢ 110/220 VAC, fool-proof strapping 
¢ Full power @ 40°C 


Please contact Westcor for datasheets, 
pricing and additional information. 


‘WESTCOR CORPORATION 
485-100 Alberto Way 
Los Gatos, CA 95032 
(408) 395-7050 ¢ FAX (408) 395-1518 


Westcor is a subsidiary of Mp WICOR 


WESTCOR REDEFINES 
THE POWER SUPPLY 


Model Output Voltage (VDC) and Maximum Current 
(amperes) per Channel 
#1 #2 #3, #4 #5 
Single Output 
ST1-1401 2 @ 120 Total output power may not exceed 
511-1402, 5 @ 120 600 watts for any model, single 
ST1-1301 12 @ 50 or multiple output. Lower power 
ST1-1302 15 @40 StakPak II models and many other 
ST1-1303 24@25 configurations are available. 
ST1-1304 28@21 Please contact the factory. 
ST1-1305 48@13 
Dual Output 
ST2-1401 2@ 60 5 @ 00 
ST2-1402 5 @ 60 5 @ 60 
ST2-1403 5@60 12@33 
ST2-1404 12@33 12@33 
ST2-1405 15@26 15@26 
Triple Output 
ST3-1401 5@60 12@16 12@16 
ST3-1402 5@60 15@13 15@13 
S13-1501 5@90 12@8 12@8 
Quad Output 
ST4-1401 5@30 12@16 12@16 5 @ 30 
ST4-1402 5@30 15@13 15@13 5 @ 30 
ST4-1403 5@30 12@16 12@16 24@8 
ST4-1501 5@30 15@13 15@13 24@8 
ST4-1502 5@60 12@16 12@8 5@ 15 
ST4-1503 5@60 15@13 15@7 5@15 
ST4-1504 5@60 12@16 12@8 24@4 
ST4-1505 5@60 15@13 15@7 24@4 
Five Output 
ST5-1501 5@30 12@16 12@16 5@15 24@4 
ST5-1502 5@30 15@13 15@13 5@15 24@4 
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Model Output Voltage (VDC) and Maximum Current 
(amperes) per Channel 
#1 #2 #3 #4 #5 
Single Output 
SP1-1801 2 @ 240 Total output power may not exceed 
SP1-1802 5 @ 240 1200 watts for any model, single 
SP1-1803. 12@100 or multiple output. Lower power 
SP1-1604 15 @80 StakPak models and many other 
SP1-1605 24@50 configurations are available. 
SP1-1606  28@42 Please contact the factory. 
SP1-1607 48@25 
Dual Output 
SP2-1801 2@120 5@120 
SP2-1802 5@120 5@120 
SP2-1803 5@120 12@66 
SP2-1804 12@66 12@66 
SP2-1805 15@53 15@53 
Triple Output 
SP3-1801 5@180 12@16 12@16 
SP3-1802 5@150 12@33 12@16 
SP3-1803 5@180 15@13 15@13 
SP3-1804 5@150 15@26 15@13 
Quad Output 
SP4-1801 5@150 12@16 12@16 5 @ 30 
SP4-1802 5@150 15@13 15@13 5 @ 30 
SP4-1803 5@150 12@16 12@16 24@8 
SP4-1804 5@150 15@13 15@13 24@8 
Five Output 
SP5-1801 5@120 12@16 12@16 5@30 24@8 
SP5-1802 5@120 15@13 15@13 5@30 24@8 
Seven Output 
SP7-1801 5@60 12@16 12@16 24@8 24@8 
#6 #7 
5.2@28 2@30 
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ASIC verification testers 


simulation error and the thorough- 
ness of the foundry testing, a model 
error might be caught early on in 
the development scheme. If not, the 
error will not be caught until it 
reaches your actual target system. 
Here, verification testers are bene- 
ficial for two reasons: First, the 
ASIC prototype may be available 
before the circuit board it goes into 
is ready. Second, the verification 
tester provides a controlled envi- 
ronment that may be faster and bet- 
ter than your target system for 
evaluating the ASIC. Rather than 
just functionally testing the part in 
the circuit, an ASIC verifier can 
characterize the part and verify 
that it meets the original require- 
ments. 

Errors also occur during the ac- 
tual fabrication process. Your de- 
sign may be good, but a specific die 
may have a defect that prevents the 
ASIC from. working properly. 
These problems are supposed to be 
caught by the foundry during its 
“production test”—a set of tests, 
agreed upon by the foundry and 
you, that defines what is a good 
part. Because testing can become 
a significant part of an ASIC’s cost, 
and because some foundries don’t 
have testers that can thoroughly 
test an ASIC at speed, compro- 
mises in production testing can let 
bad parts pass through the testing 
process. 

A company that doesn’t thor- 
oughly test its ASICs at speed may 
find that the few defective ASICs 
that escape detection during pro- 
duction testing can be caught dur- 
ing system testing and replaced 
more economically than by using 
thorough production testing. This 
approach may cost less initially, but 
in the long run it guarantees in- 
creased quality problems by allow- 
ing inadequately tested parts to get 
into the field. If your system design 
uses a large number of ASICs, the 
probability of building in at least 
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The XL series of testers from IMS supports 
clock and data rates of 60 MHz and 100 
MHz, respectively, with I/O channel counts 
of up to 448 or independent input and output 
channel counts of up to 896. 


one defective ASIC in each system 
becomes too large, thereby mandat- 
ing thorough production testing. If 
you don’t plan to use thorough pro- 
duction testing, you should at least 
consider a thorough test of your en- 
gineering prototypes with a verifi- 
cation tester. 


The last problem source is the 
testing itself. Your ASIC (and the 
design) may or may not be defec- 
tive, but something is causing the 
production test to fail. Because the 
foundry doesn’t want to deliver the 
part until it has passed the produc- 
tion test, you don’t get the part. 
Even if you smuggle one out of the 
foundry you won't have any confi- 
dence in the ASIC, nor will you be 
able to make any engineering deci- 
sions based on the ASIC. 

The usual way to resolve test er- 
rors is to get time on a tester to 
sort out the problems, whether the 
problem is as simple as an incor- 
rectly wired board used to interface 
the ASIC to the test system, or an 
error in the test program. To solve 
test errors, the foundry usually 
needs an engineer from the cus- 
tomer company familiar with the 
design to help with the debugging. 
However, production testers are 
expensive and need to be used 
many hours a day to justify their 
cost. Since test-program debug 
time is often relegated to a few 
hours late at night, you can easily 
lose a week or more trying to cor- 
rect problems you might find in one 


The 200-MHz clock and data rate HP82000 model D200 is available in a benchtop cabinet 
with up to 80 I/O channels or in a system rack with up to 384 I/O channels. 
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10-hour stint—if you can get time 
on the tester. 

If you want to use a verification 
tester to help debug a test program, 
you must consider both the ability 
to correlate data between the verifi- 
cation and production testers and 
the ability to translate test pro- 
grams easily between the two. Be- 
cause verification-tester manufac- 
turers realize the importance of be- 
ing able to freely translate pro- 
grams between a verification tester 
and a production tester, they have 
all made efforts to provide software 
to make the translations as simple 
as possible. It’s probably best to 
consult the foundry or foundries 
you will be using to find out which 
production testers they will be us- 
ing, and then see what level of sup- 
port the verification-tester manu- 
facturer can offer for those particu- 
lar testers. 

You also need to provide soft- 
ware to translate the simulation 
test vectors into a verification test 
program. Verification-tester manu- 
facturers support most of the popu- 
lar formats, but if you use a proprie- 
tary simulator, you’re in for some 
extra work. Once you get the test 
program into the verifier, you prob- 
ably will want to add to the pro- 
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A voltage-versus-time plot such as this one made with a Hilevel Topaz V shows how 
power-supply voltages affect device performance. Software that automates this function 
saves considerable time. Plots such as this are called “shmoo plots.” 


gram. The software needs to be 
easy for the infrequent user to work 
with. Because what-if experiments 
are the rule rather than the excep- 
tion when using verification testers, 
manufacturers have made verifiers 
easy for design engineers to use. 
Testing an ASIC occurs on two 
levels—the functional level and the 
characterization level. During func- 


tional testing, you make sure the 
logic functions performed by the 
ASIC are correct. Timing, voltage 
levels, and current levels are set 
to values that won’t challenge the 
ASIC’s performance while function- 
ally testing the logic. Functional 
testing also doesn’t challenge the 
tester, whether it be a verification 
tester or a production tester. 


Home brew for high performance 
If you are developing high-performance ASICs with 
data rates above 100 MHz, your choices for ASIC 
verifiers (or production automatic test equipment 
(ATE)) are few. Above 200 MHz you won't find a 
stock solution. You could try functionally testing a 
250-MHz part at 100 MHz and assume it will work 
at full speed in your target system, but you’d be 
following a well-worn path to a dead end. You can 
occasionally practice such a test philosophy on low- 
speed parts, but it won't work for high-performance 
applications. 

One solution is to biatd y your own tester from com- 
ponents. Outlook Technology (Campbell, CA 
(408)374-2990) supplies high-speed pattern genera- 


tors and logic-analysis building blocks for those of 
you who build your own high-performance test sys- 
tems. Systems built from these building blocks allow 
engineers to test ECL and GaAs devices that oper- 
ate at speeds of 500 MHz and faster. Other sources 
for home-brew building blocks are standard high- 
perforinance logic-analyzer manufacturers. 

These solutions aren’t easy. You’ll expend much 
effort maintaining signal integrity through the inter- 
face between the tester and the device. You'll also 
have to develop all the software yourself. But if 
you're after the highest peronnance, there is no 
easy solution. 
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ZAX INVITES YOU TO THE NEXT 
GENERATION OF MICROPROCESSOR 


DEVELOPMENT SYSTEMS. 


Zax Corporation established its reputa- 
tion as a leading manufacturer in the Micro- 
processor Development industry with the 
introduction of the ICD series of emula- 
tors. We expanded upon this technology 
by unveiling our advanced line of ERX 
emulators featuring high performance debug- 
ging for a wide variety of microprocessors 
including Motorola, Intel, NEC, Hitachi 
and Zilog. 

We now invite you to witness the next 
generation of microprocessor development 
tools by introducing high speed 
33 MHz support for 68020 and 
68030, and by presenting ‘AX/S; 
a revolutionary configuration featur- 
ing an ethernet interface for network- 
ing ERX-series emulators with Sun 


workstations. We've enhanced the ERX con- 
figuration without forfeiting the ergonomic 
features and compact size we've always pro- 
vided. You now get higher speed and more 
versatility in addition to features like one 
million breakpoints, two meg of emulation 
memory, performance analysis, source level 
and symbolic debug, enhanced window 
driven interfaces, and full cross develop- 
ment software, to name a few. 

Zax is committed to fulfilling all your 
development needs. Call us toll-free and let 
the next generation of develop- 
ment systems work for you. Call 
1-800-421-0982. In California 
call 1-800-233-9817. Zax Corpo- 
ration. 2572 White Road, Irvine, 
CA 92714. 


ZX 


Zax Corporation 
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Characterization testing, on the 
other hand, makes high demands on 
both verification testers and pro- 
duction testers. You perform char- 
acterization testing to gather de- 
tailed performance information on 
the ASIC, including timing margins 
and de parametric tests. The test 
results show you whether or not the 
ASIC meets all of your original per- 
formance requirements. 


System accuracy 


Your test system must be accu- 
rate in order to accurately measure 
setup times, hold times, and propa- 
gation-delay times. Table 1 lists the 
accuracy of a representative group 
of verification testers. The accuracy 
values listed are difficult to com- 
pare directly because it isn’t clear 
whether each manufacturer is in- 
cluding all the system errors in its 
number. Accuracy is defined as the 
pin-to-pin skew across the entire 
test system. 

Manufacturers measure skew un- 
der certain conditions of data for- 
mat, rising or falling edges, voltage 
levels, and other parameters that 
may not necessarily be representa- 
tive of your application. For exam- 
ple, setup-and-hold time measure- 
ments depend on the pattern-gen- 
erator (stimulus) skew. Propagation 
measurements depend on pattern- 
generator skew and _ acquisition 
(compare) skew. You can spend 
time with a verification system’s 
manufacturer to understand its sys- 
tem’s accuracy; however, a better 
method is to use an accurate high- 
performance oscilloscope and make 
the measurements yourself. 

Though accuracy is the corner- 
stone of any instrument used for 
measurements, you must meet 
other requirements for particular 
testing applications such as pin 
counts and data rates. Table 1 lists 
several such requirements. 

Depending on the device you are 
testing, test-vector memory can be 


82 


The System 6000 from Gould supports up to 352 I/O channels with 25-MHz data rates and 
50-M Hz clock rates. 


an important consideration. As Ta- 
ble 1 shows, there is considerable 
variation in the capacity of different 
testers. Because reloading the pat- 
tern memory can be time consum- 
ing, it’s best to fit your entire set 
of test vectors in memory. One fea- 
ture that helps you compress larger 
sets of test vectors into a small 
amount of memory allows looping 
and branching in the test program. 
Depending on how many times you 
repeat a subset of your test vectors, 
looping and branching can make up 
for a considerable amount of test- 
vector memory. 

A second key memory-related 
variable is scan-path testing. The 
various methods of scan testing re- 
quire large amounts of test vectors 
behind one or perhaps a few pins. 
Addressing this problem, some 
verification testers offer the flexi- 
bility to use memory that is not 
equally divided behind each pin. 
Rather, the desired scan pins are 
assigned large blocks of memory. 

Two terms you'll often hear 
concerning testers are per-pin 
and shared-resource architectures. 
Every high-performance verifica- 


tion tester is said to have a per-pin 
architecture. In reality, they are all 
combinations of per-pin and shared- 
resource architectures. The per-pin 
label refers to a_tester-per-pin, 
whereby each pin is treated inde- 
pendently of all the other pins. 
Shared-resource architecture, as 
the name implies, means that re- 
sources are shared between multi- 
ple pins. 

To illustrate the difference, con- 
sider timing generators, which can 
use either architecture. A timing 
generator supplies timing edges 
used to control data and events for 
each pin on the tester. The format 
data determines what happens at 
each timing edge. In a per-pin tim- 
ing-generator architecture, such as 
Hewlett-Packard’s 82000 systems, 
each pin has two timing edges that 
can be placed within a timing cycle, 
independently of other pins. In a 
shared architecture, a number of 
timing generators are available, 
typically between six and 16, with 


each timing generator supporting 


two edges. Each channel must use 
the timing available from one of the 
timing generators. Temecniveee 
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Improve your 
motor skills. 


Siliconix’ new 
system solution 
for more efficient 
motor control. 
Combine an 
Adaptive 
MOSFET 
Driver with 


Fast t MOSFETs. 
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The Siliconix S19910 
Adaptive MOSFET Driver 
and new Fast t,, MOSFETs 
optimize system efficiency. Used 
in tandem they provide circuit 
protection and logic interface in off-line motor applications. 
This unique CMOS-compatible solution for variable-speed 
motor control significantly improves system performance. With 
five circuit protection features and lower power losses, the 
combined system results in higher reliability, smaller size, lower 
cost and reduced design time. 
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The Si9910 and Fast t,, 
MOSFET family: system 
solutions for more efficient 
off-line control in motor 
drive and power supply 
applications such as major 
appliances, fans and blowers, 
industrial controllers, 


automobiles, power hand 
tools and UPS. 


Improve your motor skills! Ask for your $i9910 and Fast t,, 
Motor Control Design Kit. Call our toll-free hot line now! 
1-800-554-5565, Ext. 946. 


bff Slconicx 


incorporated 


$i9910 FAST Tap 


2201 Laurelwood Road, Santa Clara, CA 95054 © 1989 Siliconix inc. 


TECHNOLOGY UPDATE 


ASIC verification testers 


TABLE 1—REPRESENTATIVE ASIC VERIFICATION TESTERS 


: i TIMING 
{| YO CHANNELS ~—_—| MAXIMUM DATA RATE | MAXIMUM CLOCK RATE | ACCURACY | RESOLUTION 
MANUFACTURER | MODEL _ | MINIMUM | MAXIMUM | (MHz) (MHz) (+ pSEC) (pSEC) 


NOTE: 

*=VIRTUAL VECTOR MEMORY 
66k WORDS FOR 320 CHANNELS 
463k WORDS FOR 32 CHANNELS 


Off the shelf 
protocol software. 


save time, save money with off-the-shelf protocol 
software from Gcom. We've been helping OEMs get their 


datacom products to market on schedule since 1980. 
| All our software is written in C to be hardware and 
operating system independent. Full source code is 
ADCCP provided, and porting assistance is available. 


With Gcom software handling protocol functions, 
you're free to concentrate on the parts of your project 
that can't be found on any shelf. For complete 
information, call Gcom today. 


Specialists in 


pes Gcom, Inc. 
Computer Communications 


41 East University Avenue 
Champaign, Illinois 61820 
Phone (217) 352-4266 
Telex 910-240-1477 

FAX (217) 352-2215 
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TECHNOLOGY UPDATE 


_|LOOPING ONLY | 


MOSFET protection 
improves your 


motor skills. 


The Art of Electronics 


Second Edition 
Paul Horowitz and Wintield Hill 


“Far and away the finest book on the subject of 
electronics...in the last decade’’— Optical Engineering 


“This book is filled with a tremendous diversity of 
valuable information. More importantly, this book is a joy 
to read...It’s not at all like studying— it’s too much 
fun.’—EDN (News Edition) 


This is the thoroughly revised and updated Second 
Edition of the single, authoritative text and reference on 
electronic circuit design—both analog and digital. It 
emphasizes the methods actually used by circuit 
designers—a combination of some basic laws, rules of 
thumb, and a large bag of tricks. This completely new 
edition responds to the breakneck pace of change in 
electronics with a large number of new and revised 
topics. 
At last, MOSFET 
protection for more 
efficient motor control! 


The Si9910 Adaptive MOSFET Driver provides dv/dt and di/dt control, 
shoot-through current limiting, undervoltage protection and short-circuit 
protection. In addition, it drives the high or low side of an n-channel 
half-bridge. 

Improve your motor skills! Ask for your Si9910 Motor Control Design 
Kit. Call our toll-free hot line now! 1-800-554-5565, Ext. 946. 
¢F Siliconix 


incorporated 


1989/ 1,152 pp. /37095-7 / Hardcover $49.50 


At bookstores or order from 


Cambridge University Press 


40 W. 20th St., NY, NY 10011. Call toll-free: 800-872-7423, outside NY 
State. 800-227-0247, NY State only. MasterCard/VISA accepted. 
Price subject to change. 
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TECHNOLOGY UPDATE 


ASIC verification testers 


The problem with  shared-re- 
source architecture is not that you 
will run out of resources, although 
that is possible. Rather, it is the 
lack of flexibility you have to de- 
velop and alter your test programs. 
Globally shared resources, whereby 
any pin can use any timing genera- 
tor, are not too constraining. How- 
ever, when you have locally shared 
resources (a specific timing genera- 
tor can only be used by a subset of 
the pins), the constraints can reduce 
tester flexibility and add complex- 
ity to the software. 

Timing generators are only one 
in a long list of features that can 
be either a per-pin or a shared re- 
source. All high-performance verifi- 
cation systems use at least a limited 
set of per-pin features so that they 
can have what is often called soft- 
ware fixturing. To simplify the test 
fixturing of devices, fixtures are 
built for each package type so that 
each pin on the device is routed to 
a pin on the tester. Therefore, only 
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power pins must be custom wired 
for testing a particular device. 

The reason a per-pin architecture 
is required for software fixturing is 
that you need total flexibility in the 
system because each device will use 
pins differently. For example, you 
need independent control on each 
pin to select whether that pin will 
be an input or output. If the input/ 
output select is switched in banks 
of eight pins, software fixturing 
won’t work. 

Many verification testers provide 
an optional parametric measure- 
ment unit (PMU) to perform de 
voltage and current measurements 
on device pins. The PMU is used 
for checking continuity to pins, 
drive capability, leakage, and many 
other measurements useful in char- 
acterizing a device. 

Unlike most equipment that de- 
sign engineers use, verification 
testers often require more support 
both before and after the sale. If 
youre seriously considering the 
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purchase of a verification tester but 
have concerns about the capability 
of a particular tester to meet your 
needs, the best approach is often 
to have the vendor test one of your 
parts. Let them show you that their 
tester can perform to meet your 
needs; at the same time you can see 
just how easy (or difficult) the soft- 
ware is to use on a real problem. 
When trying to assess the appli- 
cability of a verification tester to 
your ASIC development process, 
there is another way to view the 
problem. You have an ASIC proto- 
type that passes the foundry’s test 
program and it works in your proto- 
type system. Are you comfortable 
about releasing the part to volume 
manufacturing, or would you like to 
perform more characterization tests 
on the device? If you choose the lat- 
ter, you should consider a verifica- 
tion tester. =D 


Article Interest Quotient 
(Circle One) 
High 518 Medium 519 Low 520 


WHAT’S COMING 
IN EDN 


EDN Magazine’s December 7, 
1989, issue is the first install- 
ment of our December Product 
Showcase. It will contain staff- 
written articles and product re- 
views in four key technology ar- 


Hardware and Intercon- 

nect Devices 

Integrated Circuits 

Power Supplies 

Software. 
Also look for our regular depart- 
ments. The second December 
Product Showcase will cover 
Components, Instruments, Com- 
puters and Peripherals, and 
Computer-Aided Engineering. 
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Achieve required case temperatures 
for high-speed microprocessors and 
gate arrays with cost-effective EG&G 
Wakefield Engineering standard and 
custom heat sinks for high leadcount 
PGAs, PQFPs, and LCCs. 


Heat Sinks for PGAs 

Standard EG&G Wakefield 840, 850, 
and 659 Series heat sinks for ceramic 
PGAs are available for natural or 
forced convection, serial, or impinge- 
ment airflow. Efficient custom designs 
can satisfy board spacing and power 
dissipation demands. 


Heat Sinks for PQFPs 

For microprocessors and other 
devices packaged in JEDEC-standard 
PQFPs and CQFPs, achieve required 
overall thermal resistance and 


reliability requirements with EG&G 
Wakefield PQFP heat sinks. 


Efficient LCC Heat Sinks 


For 68-lead LCCs, specify EG&G 
Wakefield 664, 665, 666, or 830 
Series heat sinks for use with 3M/ 
TEXTOOL LCC sockets. 


Call our Application Engineering 
Department today at 617/245-5900, 
for gate array and microprocessor 
heat sinks. 


60 AUDUBON ROAD, WAKEFIELD, MA 01880 
TEL: (617) 245-5900 ¢ TWX: 710-348-6713 © FAX: (617) 246-0874 
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More efficient Power 
3 | MOSFETs improve your 
motor skills. 
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downtime. 

OW! ° 
When you need test equipment, you 

don't need downtime. Leasametric guarantees 


our equipment will work. Or we'll replace 
or repair it, usually within 24 hours. 


‘SMP3NSOF — 
SMPSNSOF 
SMP8N5OF 
SMW14N50F 


Get the best names 
in the business. From 
the best name in the 
business. Leasametric. 


1-800-553-2299 


145 (DRAIN CURRENT) 


POWER LOSSES _ 


Siliconix’ new family 
of rugged Fast tir 
MOSFETs improves the 
efficiency, reduces the size and lowers the cost of motor control systems. 
And their low Rpsion), solid dv/dt rating and fully characterized diodes 
make it easier to achieve high system reliability. 

Improve your motor skills! Ask for your Fast t, Motor Control Design 
Kit. Call our toll-free hot line now! 1-800-554-5565, Ext. 946. 
Siliconix 


incorporated 


Leasametric, Inc. 


Electronic Test Equipment-Renting, Leasing, Sales and Service 


1164 Triton Drive 
Foster City, California 94404 


Count on us. 


A member of The Marmon Group of companies 
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Multiple 
Instructions 


per clock is not 
a barrier 


©1989 Intel Corporation 
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— [tSa milestone. 


Multiple instructions per clock is now 
a reality. Intel's new i960 CA is the first 
32-bit embedded processor to execute 
- multiple integer and control instruc- 
tions per clock. 

The i960 CA is the first processor 
to implement SuperScalar architecture 
on a single chip. It consistently breaks 
the multiple instructions per clock 
barrier because it looks ahead in the 
data stream and selects groups of 
instructions to safely begin executing 
at the same time. 

Thus the i960 CA allows you to 
reduce design costs by using less 
expensive memory and peripherals, 


80960 NEXT GENERATION 


80960 CA 


80960 KA 
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For 32-bit embedded control, 1960 architecture offers a broad 
and growing range of price-performance options. 


at the same time you enjoy its unpre- 
cedented performance. In its 33-MHz 
version, the i960 CA can sustain 66 
native MIPS. 


But as pleased as we are with its 
performance, we're also proud of 
the i960 CA as an Intel milestone. It’s 
part of the i960 family of products 
that will remain software-compatible 
for generations. 


The world’s most highly 
integrated 32-bit embedded processor: 


0 Instruction cache: 1-kb, two-way, set-associative 

0 SRAM: 1.5 kb one-clock access (15 frames 16 x 32 bit registers) 
0 General purpose registers: 32 x 32 bit 

OC 1/O channel processor: data chaining, 4-channel DMAs 

0 Interrupt processor: 248 possible vectors 

0 Programmable bus controller: 8/16/32-bit environments 


Intel gives you the support com- 
ponents and tools you need to get 
up to speed, including memories and 
peripherals specifically designed to 
work with the i960. Plus, we offer 
compilers, software debuggers, perfor- 
mance simulators, and macro assem- 
blers to provide easy access to the full 
capabilities of the i960 CA. 

Finally, working with Intel means 
youll have the world's largest tech- 
nical support team helping you get to 
market fast. In short, everything 
you need to set a few milestones of 
your Own. 

To get detailed information about 
this exciting family of products, call 
Intel today: (800)548-4725, and ask for 
Literature Department #LA43. 
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National 
Semiconductor 


Our 32CGI6 processor 
made quite a name for itself 


Now the family’s growing. 
Introducing the 32GX32 


NATIONALS EMBEDDED 
SYSTEM PROCESSORS” ARE 
OPTIMIZED FOR LASER 
BEAM PRINTERS. 


That’s the reason Canon chose 
National's 32CG16 to power its 
LBP-8 Mark III Series, the latest 
advance in desktop laser printing. 
And it’s also the reason you should 
consider the newest member of 
our Embedded System Processor 
family, the 32GX32. Born of the 
same architectural lineage, it offers 
a new price/performance solution 
to suit your needs. 


COST-EFFECTIVE 
SYSTEM PERFORMANCE. 


Based on a powerful four- 
stage pipeline architecture, the 


32GX32 provides peak performance 


of 15 MIPS for printers. This allows 
designers to handle the most 
demanding PostScript” environ- 
ment with performance to spare. 
What’s more, National’s optimized 
solution can help achieve the 
lowest system cost, a key to Success 
in the highly competitive printer 
market. 

Thanks to its advanced bus 
interface and its on-chip caches, the 
32GX32 is able to sustain most of 
its performance while using slower, 
inexpensive DRAMS. This fact 
alone has a tremendous impact on 


© 1989 National Semiconductor Corporation 


Embedded System Processor is a trademark of National Semiconductor Corporation. 
PostScript is a registered trademark of Adobe Systems, Inc. 
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the system cost of today’s printers, 
which typically require large 
amounts of memory. 

The 32GX32 performs single- 
cycle operations on information 
contained in on-chip instruction 
and data caches. The data cache 
organization can accommodate 
both a stack and a scratch pad for 
high-speed font generation. These 
factors minimize the effect of low- 
cost, slow external memory on 
system performance. 


COMPACT SYSTEM DESIGN. 


With the 32GX32, designers 
can generate extremely compact 


code, which leads to fewer EPROMS. 


This is due to National's state - of- 
the-art optimizing compilers, and 
to the 32GX32’s tuned instruction 
set that resembles high-level page 
description languages. 

And, even though the 32GX32 
is a full 32-bit processor, its 
dynamic bus sizing feature allows 
you to use lower-cost 8- and 16-bit 
peripherals without need for 
additional logic. 
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PRINTER 
PERFORMANCE 


>250 PPM 
PPM =Pages 
Per Minute 


National offers a spectrum of system -optimized 
solutions for printer control. 


Of all the available processors 
“targeted” at laser printers, only 
National’s Embedded System 
Processors are truly optimized for 
printer designs. Competitors may 
claim performance that rivals 
the 32GX32, but nothing else can 
match the system cost savings that 
National provides. 


WE'D LIKE YOU 
TO MEET OUR FAMILY. 


Leading manufacturers world- 
wide are discovering that National's 
family of Embedded System 
Processors comprises the only 
optimized solution for laser 
printers. Call us today at 
(800) 825-5805, ext. 105, and we'll 
arrange an introduction at your 
earliest convenience. 


National 
Semiconductor 
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Michael C Markowitz, 
Associate Editor 


As ICs’ feature sizes shrink with 
improvements in process technol- 
ogy, chip vendors have three alter- 
natives: They can make the same 
chip on a smaller die, add features 
to the CPU to give the chip greater 
processing power, or add _ peri- 
pheral circuitry to the CPU that 
would normally be external to the 
processor. 
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General-purpose wPs and wCs are losing 
their general-purpose nature as vendors 
use available chip space to tailor a chip’s 

periphery for specific applications. 


Of the three alternatives, many 
vendors are coming to realize that 
getting a CPU with the right combi- 
nation of peripherals provides you 
with the greatest benefit. After all, 
a cheaper pP or nC will save you 
some money, but compatibility and 
packaging constraints limit the ven- 
dor’s ability to change packages. 
However, if the vendor uses the 
same package, you won’t save 
board space. And, although it’s al- 
ways nice to have more processing 
power, if you really needed more 
power, you'd have chosen a more 
powerful CPU to begin with. By 


moving peripheral circuitry onto 
the processor IC, you can eliminate 
chips from your board, thus giving 
you three alternatives: You can 
make the same circuit on a smaller 
board, add features to the system 
to give it greater capability, or use 
the same board and add chips from 
other boards in the system to im- 
prove performance and maybe even 
eliminate boards. 

But what are the right peripher- 
als? Obviously, you’d need different 
peripherals for a flight controller 
than you would if your circuit were 
going into a communications sys- 
tem. Additionally, you’d probably 
want some assurance that the ICs 
on your flight-controller board 
would function under the conditions 
the board is likely to encounter. If 
your design requirements are less 
critical, you wouldn’t want to pay 
for features and capabilities that 
you won’t use. 

One way to get only the processor 
and the peripherals you need on 
your wP or pC is to build an ASIC. 
Unfortunately, you'll need rela- 
tively high volumes for this strat- 


»P and »C chips shatter conventions 
by finding their way into ubiquitous applica- 
tions, such as planes, trains, and automo- 
biles; toys; fax machines; and audio and 
video equipment. (Photo courtesy Intel) 
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If you’re really lucky, an insightful mar- 
keting maven will have anticipated your 
wC needs. 


egy to be cost effective. Further, a plethora of CAD 
tools are available to simplify the hardware design of 
your ASIC, but unless you provide access to the 
ASIC’s »P core, commercially available development 
tools won’t help you much with the software design. 

Another way to get the right peripherals is to buy 
one of the application-specific wCs that companies such 
as Hitachi, National Semiconductor, Toshiba, and Zilog 
offer. These companies put a particular assortment of 
peripherals around a wP core and target specific appli- 
cations. Unfortunately, MBA types decide which mar- 
kets to target application-specific wCs for. And, as is 
often the case, marketing decisions don’t always make 
an engineer’s life any simpler. If you’re designing a 
box for an industrial control system and application- 
specific ~Ps and wCs exist, you can start your search 
there. But, a vendor’s claim that its pP or pC targets 
an application that doesn’t correlate to your needs 
shouldn’t necessarily eliminate that IC from considera- 
tion. 

Consider, for example, the Motorola 68332, which 
is based on the 32-bit 68020. The wC features a clock- 
generator module that contains a PLL. The PLL en- 
ables the uC to operate at 16.78 MHz from a 32.768- 
kHz crystal, which keeps costs down and minimizes 
system RFI. The controller also offers a CPU-inde- 
pendent, microcoded, time processing unit that per- 
forms 12 preprogrammed functions, such as measuring 
frequency and pulse width. 

Although Motorola designed the 68332 as an automo- 
tive wC to perform engine control tasks, that definition 
shouldn’t restrict its use. If you design circuits for 
robotics, high-performance control systems, or any 
other time-intensive application, you might also be able 
to make use of the C’s time processing unit. 


Familiar cores accept standard code 


Like the 68332, application-specific processors gener- 
ally use familiar cores, although unlike the 68332, most 
use 4-, 8-, and 16-bit cores. Improvements and applica- 
tion-specific enhancements have helped prolong the 
lives of many small-bus-width processor families, such 
as the 6800, 8051, and Z80. There are three reasons 
popular small cores often serve as the base for these 
wCs. First, and perhaps most important in embedded 
applications, is cost. In addition to the CPU costing 
less, small-bus-width Ps and wCs require fewer mem- 
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ory chips; less glue logic; and, consequently, less board 
space. These savings can be substantial. 

A second advantage to using familiar wPs and wCs 
is that you can port code to them from older designs. 
Reusing code can save you time and improve your 
chances of getting bug-free software. And, with most 
of the older standard wPs and wCs, you have a wealth 
of available code. 

The third consideration is density. You can only fit 
so much on an IC, and although current transistor- 
count limits will let you put a 32-bit wP on an inte- 
grated circuit, you can’t fit much more. In fact, Roger 
Ross, president and chief executive officer of Ross 
Technologies (Austin, TX) and head of the design team 
of the Motorola 88000, salivates in anticipation of the 
day when he can build a 32-bit RISC (reduced-instruc- 
tion-set computer) chip with two to three million tran- 
sistors. Only then could he integrate all the right pe- 
ripherals around the core CPU. Ross’s dream chip 
would include an integer unit, a memory-management 
unit, a floating-point unit, a cache controller, and 32k 
bytes of cache memory on one manufacturable piece 
of silicon. 

However, in spite of the media’s coverage of high- 
end glamour processors like the 80486, i860, 68040, 
and SPARC, most designers are still working with 
4-and 8-bit ~Ps and wCs. (According to Dataquest, a 
market-research firm in San Jose, CA, 4- and 8-bit 
Ps and wCs accounted for 99% of the 1988 total uP 
and wC unit volume.) There is a good reason for work- 
ing with the lower-bit-density Ps and Cs. 

As discussed in last year’s directory (Ref 1), the 
embedded-control market consumes the greatest num- 
ber of wPs and wCs. These invisible processors compete 
in an extremely price-sensitive arena where an extra 
nibble or byte could make your system too expensive 
to sell. Therefore, cost constraints limit your ability 
to over-design your circuit and still stay competitive. 
Also, your investment in code presents a certain inertia 
that resticts your ability to change uP or pC families. 

But, if embedded systems are so price sensitive, 
where do RISC processors fit in? According to a few 
vendors of CISC-based (complex-instruction-set com- 
puter) »Ps and wCs, RISC pPs fit only at the highest 
end of the performance spectrum, where you abso- 
lutely, positively can’t live without the performance 
gain that RISC is supposed to provide. These vendors 
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concede the high-end market to RISC-based proces- 
sors. Russ Johnson, director of imaging and graphics 
products at National Semiconductor, points to applica- 
tions such as MIS (management information systems) 
printers costing upwards of $200,000 and other expen- 
sive systems where the CPU is only a small part of 
the total cost as potential application areas for RISC 
processors. Others, like Wayne Ricardi, vice president 
of marketing and sales at Zilog, make no such conces- 
sion. They believe that the power of smaller distrib- 
uted-computing processors can free up the central 
CPU. Ricardi grants RISC-based wCs an edge at 
crunching numbers, but claims that their cost and gen- 
erally poor ability to perform control functions with 
the calculated results argues against their use in em- 
bedded-control systems. 


Is RISC a fad? 


Jack Ganssle, president of Softaid (Columbia, MD), 
a development-tool vendor, represents a third camp. 
Although he might justify using RISC-based control- 
lers in fly-by-wire jets and for redundant processors 
in critical applications, he wouldn’t choose a RISC- 
based wC over a CISC-based one. Ganssle likes RISC’s 
single-cycle execution of common instructions and the 
optimizing compilers that keep a RISC wP’s pipeline 
full, but he suggests that RISC is just the latest fad. 
He believes that engineers who want to play with the 
latest and greatest wPs and wCs are choosing RISC 
chips because of RISC’s glamour and because design 
decisions are being made at too low a level. Ultimately, 
Ganssle expects CISC chips to win out because of the 
volume of existing code for them and their hardware 
advantages. He predicts that future incarnations of 
CISC chips will incorporate most of the positive fea- 
tures of RISC technology into CISC-based processors 
and controllers, as we’ve started to see already. 

On the other hand, Rick Rasmussen, director of mar- 
ket development for LSI Logic, argues that RISC- 
based embedded-control systems were more expensive 
a year ago. Today, however, RISC chips are speeding 
down the learning and cost curves, and there is a rough 
parity between RISC- and CISC-based controllers. 
Rasmussen claims that RISC-based Ps are suitable 
for a wide range of applications, such as laser printers, 
LAN controllers, and real-time interrupt controllers. 
In light of these comments, you won't be surprised to 
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Index to »P and »C chips in EDN’s 
sixteenth annual directory 
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T222, T425, T800 
Z8000, Z80000 
1750A 
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SPARC RISC 
R2000/R3000 
29000 RISC 
88000 RISC 
80960 

i860 
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families 186 29300/400, 29C300 
190 7T4AS8XX/74AS88XX 
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learn that LSI Logic is pursuing the application-specific 
uP/uC strategy with two RISC-based processors: one 
with a SPARC core and the other with the Mips core. 
And, although Rasmussen doesn’t dispute that the bulk 
of current design work uses 4- and 8-bit machines, he’s 
convinced that, despite significantly higher costs, de- 
signers will be using 16- and 32-bit »Ps and pCs in a 

growing percentage of future designs. 
Roger Ross, the president of Ross Technologies, is 
Text continued on pg 98 
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Manufacturers of wP/pC chips 
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For more information on ~P/wC chips such as those included in this directory, circle the appropriate numbers on the 
Information Retrieval Service card or use EDN’s Express Request service. When you contact any of the following 
manufacturers directly, please let them know you saw their products in EDN. Information about recent mergers and 
acquisitions appears in parentheses. 


Advanced Micro Devices 
901 Thomson Pl 
Sunnyvale, CA 94086 
(408) 732-2400 

Circle No. 650 


Allied-Signal Microelectronics Center 


9140 Old Annapolis Rd 
Columbia, MD 21045 
(301) 964-4047 

FAX 301-992-5813 
Circle No. 651 


Analog Devices Inc 
Box 9106 

Norwood, MA 02062 
(617) 329-4700 

FAX 617-326-8703 
Circle No. 652 


AT&T Technologies Inc 
Dept LT 

555 Union Blvd 
Allentown, PA 18103 
(800) 372-2447 

TLX 82772977 

Circle No. 653 


Bipolar Integrated Technology 
1050 NW Compton Dr 
Beaverton, OR 97006 

(503) 629-5490 

FAX 503-690-1498 

Circle No. 654 


California Micro Devices 
2000 W 14th St 

Tempe, AZ 85281 

(602) 968-4431 

FAX 602-921-6298 

Circle No. 655 


Calmos Products Div 
(Recently acquired by 
Newbridge Microsystems) 
20 Edgewater St 


Kanata, Ontario, Canada K2L 1V8 


(613) 836-1014 
FAX 613-831-1742 
Circle No. 656 


Cypress Semiconductor 
3901 N First St 

San Jose, CA 95134 
(408) 943-2902 

FAX 408-943-2741 
Circle No. 657 


Dallas Semiconductor 
4350 Beltwood Pkwy 
Dallas, TX 75244 

(214) 450-0400 

FAX 214-450-0470 
Circle No. 658 


Eurosil Electronic GmbH 
Erfurter Str 16 

8057 Eching 

West Germany 
49-89-31906-128 

FAX 49-89-319-462-1 
Circle No. 659 


Fujitsu Microelectronics Inc 


3330 Scott Blvd 

Santa Clara, CA 95054 
(408) 727-1700 

FAX 408-922-9128 
Circle No. 660 


Gould Semiconductor (AMI) 
2300 Buckskin Rd 

Pocatello, ID 83201 

(208) 233-4690 

Circle No. 661 


Harris 

Semiconductor Products Div 
Box 883 

Melbourne, FL 32902 

(407) 724-7418 

FAX 407-729-5691 

Circle No. 662 


Hitachi America Ltd 
2000 Sierra Point Pkwy 
Brisbane, CA 94005 
(415) 589-8300 

FAX 415-583-4207 
Circle No. 663 


Hitachi Ltd 

Semiconductor & 

Integrated Circuits Div 

New Marunouchi Bldg 5-1 
Marunouchi 1-Chome 
Chiyoda-ku, Tokyo 100, Japan 
(03) 212-1111 

Circle No. 664 


Ingenieurbiiro Otto Miller 
AM Guckenbiihl 10 

7750 Konstanz 16 
0-75-31-432-12 

FAX 0-75-31-517-25 

Circle No. 665 


Inmos Corp 


(Recently acquired by SGS-Thomson) 


Box 16000 

Colorado Springs, CO 80935 
(719) 630-4000 

TLX 62944936 

Circle No. 666 


Inmos Ltd 


(Recently acquired by SGS-Thomson) 


1000 Aztec W 
Almondsbury 

Bristol BS12 4SQ, UK 
(0454) 616616 

Circle No. 667 


Integrated Device Technology 
3236 Scott Blvd 

Santa Clara, CA 95051 

(408) 727-6116 

Circle No. 668 


Intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
(408) 987-8080 

Circle No. 669 


Intel Corp 

Embedded Processor Group 
5000 W Chandler Blvd 
Chandler, AZ 85226 

(602) 554-8080 

Circle No. 670 


Intergraph Corp 
Advanced Processor Div 
2400 Geng Rd 

Palo Alto, CA 94303 
(415) 494-8800 

FAX 415-856-9224 
Circle No. 671 


Intermetall GmbH (ITT) 

Box 840 

D-7800 Freiburg, West Germany 
(0761) 5170 

Circle No. 672 


LSI Logic Corp 
1551 McCarthy Blvd 
Milpitas, CA 95035 
(408) 483-8000 

FAX 408-433-7447 
Circle No. 673 


Microchip Technology 
2355 W Chandler Blvd 
Chandler, AZ 85224 
(602) 345-3287 

Circle No. 674 


Mitsubishi Electronics America Inc 


1050 E Arques Ave 
Sunnyvale, CA 94086 
(408) 730-5900 

FAX 408-720-0429 
Circle No. 675 


Motorola Integrated Circuits Div 


3501 Ed Bluestein Blvd 
Austin, TX 78721 

(512) 928-6000 

Circle No. 676 


Motorola Microprocessor 
Products Group 

6501 William Cannon Dr W 
Austin, TX 78735 

(512) 440-2000 

Circle No. 677 


National Semiconductor Corp 
2900 Semiconductor Dr 

Santa Clara, CA 95051 

(408) 721-5000 

FAX 408-730-0764 

Circle No. 678 


NCR Corp 

2001 Danfield Ct 

Fort Collins, CO 80525 
(803) 226-9500 

Circle No. 679 


NCR Microelectronics Div 
1635 Aeroplaza Dr 

Colorado Springs, CO 80916 
(719) 596-5612 

Circle No. 680 
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NEC Electronics USA Inc 
(US Headquarters) 

401 Ellis St 

Mountain View, CA 94039 
(415) 960-6000 

Circle No. 681 


NEC Electronics USA Inc 
Microcomputer Div 

1 Natick Executive Park 
Natick, MA 01760 

(508) 655-8833 

FAX 508-872-8692 

Circle No. 682 


NV Philips 

Eindhoven, The Netherlands 
31-40-79-3333 

Circle No. 683 


Oki Semiconductor Inc 
650 N Mary Ave 
Sunnyvale, CA 94086 
(408) 720-1900 

Circle No. 684 


Panasonic (Matsushita) 
2 Panasonic Way 
Secaucus, NJ 07094 
(201) 348-5217 

FAX 201-392-4652 
Circle No. 685 


Rockwell International Corp 
Semiconductor Products Div 
Box C 

4311 Jamboree Rd 

Newport Beach, CA 92658 
(714) 833-4700 

Circle No. 686 


Seeq Technology Inc 
1849 Fortune Dr 

San Jose, CA 95131 
(408) 432-9550 

Circle No. 687 


SGS-Thomson Microelectronics 
Via C Olivetti 2 

20041 Agrate Brianza, Italy 
(8939) 6555590 

Circle No. 688 
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SGS-Thomson Microelectronics Inc 


1000 E Bell Rd 
Phoenix, AZ 85002 
(602) 867-6259 
Circle No. 689 


Sharp Corp 

Integrated Circuits Group 
2613-1, Ichinomoto-Cho, Tenri-shi 
Nara 632, Japan 

Circle No. 690 


Sharp Microelectronics Corp 
Box 650 

Mahwah, NJ 07430 

(201) 529-8757 

Circle No. 691 


Siemens AG Semiconductor Div 
Balanstrasse 73 

Postfach 80 17 09 

8000 Munich 80 

West Germany 

49-89-4144-8271 

FAX 49-89-4144-3979 

Circle No. 692 


Siemens Components Inc 
Semiconductor Group 
2191 Laurelwood Rd 
Santa Clara, CA 95054 
(408) 980-4500 

FAX 408-980-4529 

Circle No. 693 


Sierra Semiconductor 
2075 N Capitol Ave 
San Jose, CA 95132 
(408) 263-9300 

Circle No. 694 


Signetics (Philips Components) 
811 E Arques Ave 

MS 76 

Sunnyvale, CA 94088 

(408) 991-2000 

FAX 408-991-2311 

Circle No. 695 


VOTE... 


Please also use the Information Retrieval Service card to rate this article (circle one): 


High Interest 470 Medium Interest 471 


Standard Microsystems Corp 
35 Marcus Blvd 

Hauppauge, NY 11788 

(516) 273-3100 

FAX 516-273-3123 

Circle No. 696 


Texas Instruments Inc 
MOS Microcomputers 
Box 1443 

Houston, TX 77001 
(7138) 274-2000 

FAX 713-274-2445 
Circle No. 697 


Texas Instruments Inc 
Microprocessor and 
Microcontroller Products Div 
Box 809066 © 

Dallas, TX 75380 

(800) 232-3200 

Circle No. 698 


Toshiba America Inc 
Semiconductor Products Div 
9775 Toledo Way 

Irvine, CA 92718 

(714) 455-2000 

Circle No. 699 


United Technologies 
Microelectronics Center 
1575 Garden of the Gods Rd 
Colorado Springs, CO 80907 
(800) 645-8862 

FAX 719-590-8032 

Circle No. 700 


Vitesse Electronics Corp 
741 Calle Plano 
Camarillo, CA 93010 
(805) 388-3700 

FAX 805-987-5896 

Circle No. 701 


VLSI Technology Inc 
8375 S River Pkwy 
Tempe, AZ 85274 
(602) 752-8574 

FAX 602-752-6000 
Circle No. 702 


WaferScale Integration Inc 
47280 Kato Rd 

Fremont, CA 94538 

(415) 656-5400 

Circle No. 703 


Weitek Corp 

1060 E Arques Ave 
Sunnyvale, CA 94086 
(408) 738-8400 

Circle No. 704 


Western Design Center Inc 
2166 E Brown Rd 

Mesa, AZ 85203 

(602) 962-4545 

Circle No. 705 


Zilog Inc 

210 Hacienda Ave 
Campbell, CA 95008 
(408) 370-8000 
Circle No. 706 


Low Interest 472 
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Stimpson Brings 
The Cost mee 
Fastening , 


That's the reason so many designers, 
buyers and production people respon- 
sible for holding down costs while main- 
taining quality have turned to Stimpson 
Fasteners and Fastening Machines. 


Send a sample of your product, assem- 
bled or not. Our Assembly Service experts 
will analyze and assemble it with the 
right size, style and finish eyelet or other 
fastener and recommend the fastening 
machine best suited to your application 

..with substantial savings, just as they've 
done for years, for so many others. No 
charge of course. 


Send today for your free copy of our latest 
Designer’s Catalog. 
Illustrating over 1,000 
Standard Fasteners 
and Stampings, 

plus a full line 

of automatic attaching machines. 


i} Stimpsong 


Co. Inc. 


900 SYLVAN AVE. BAYPORT, NY 11705-1097 
(516) 472-2000 


CIRCLE NO 5 


a strong supporter of RISC technology. Ross will con- 
cede the low-end embedded-control applications to 
CISC-based »Cs—for now. And although he also con- 
cedes that today’s RISC technology is still more expen- 
sive than CISC, he says that there is nothing inher- 
ently more costly about RISC. Still, he insists that 
given equal transistor counts, RISC offers two-and-a- 
half to three times the performance of CISC. Ross 
thinks the question is, do you build a laser printer for 
less than $1000 with CISC technology, or do you maxi- 
mize performance with RISC? In addition, Ross claims 
that embedded-control designers aren’t as sensitive to 
using pre-existing code as other vendors might claim. 
Rather, the important issues for designers are whether 
the »P has a decent compiler and whether the price/ 
performance ratio is appropriate for their application. 

EDN 


Reference 


1. Titus, Jon, “EDN’s 15th Annual Eee Chip Directory,” 
EDN, October 27, 1988, pg 164. 


Note 


With the large number of Ps and Cs introduced every 
year, it 1s impossible to give you a comprehensive listing of 
every available device. This year’s directory provides “bingo” 
numbers in the listings primarily to let you request informa- 
tion about the processors, but also to let us see where your 
interests lie. If there are other pP or wCs, new or old, that 
you'd like to see covered, let us know; jot the part number 
down on the bingo card, send us a letter, or give us a call. 


Article Interest Quotient (Circle One) 
High 470 Medium 471 Low 472 
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COP400 


AVAILABILITY: Now. 

COST: Under $0.50 for NMOS 413L and under $1 for CMOS 413C in 
very high volume (1M/yr). 

SECOND SOURCE: Thomson (over 6M units in 1986). 

CORE: Core ,P concept has been used all along for this single-chip 
family, although on an internal basis. 


Description: NMOS and CMOS minimum-cost single-chip family. COP 
chips are microcontrollers intended to make low-cost, intelligent prod- 
ucts feasible, and contain the complete ~C system—pP, memory, and 
|/O—necessary to implement dedicated control functions. Typical appli- 
cation would be as lone chip in a low-cost toy for mass consumer 
market, where it would provide the intelligence to interface to a human. 


HARDWARE 


SPLIT-MEMORY ARCHITECTURE 
~<t—— PROGRAM SIDE | DATA SIDE ——» 


PC SAVE STACK 
3 x (10) 


ADDRESS 
LATCH STROBE 


SERIAL I/O 


INSTRUCTIO 
_ DECODE 


BUSES TO EXT MEMORY 


NOT ON 411L 


INTERRUPT 


Hardware notes: 

1. ROMless 402 and 404 are available for development and low-volume 
production, as well as piggyback CPUs that carry standard EPROMs. 
2. Some COP400 models and peripherals are configured with National 
Microbus serial |/O for easy exchange of data with low pin count. 

3. CMOS chips have optional multi-input wake-up feature, improved 
timer, and interrupt-on-overflow. All CMOS chips designed for in- 
creased ESD and latch-up margin. 

4. 24- and 28-pin surface-mount packaging available for space-sensitive 
applications, such as consumer goods. 


COP400 FAMILY (CMOS MEMBERS) 


MEMORY 


PART 
NUMBER 


COP413C 16 NO 
COP413CH 32 16 NO 
COP410C 


1 
COP411C 1 
COP424C 
COP425C 
COP426C 


COP444C 
COP445C 


32 

32 

64 

64 

64 
NOTE: PMP IS POST-METAL PROGRAMMING. 


HARDWARE 


9 
6 
0 


NO 

NO NO 
NO 

1 SOURCE |3 LEVEL YES 

NO 3 LEVEL YES 

NO 3 LEVEL YES 
NO 


23 | 1 SOURCE |3 LEVEL 


Mole (microcomputer on-line emulator) consists of two hardware com- 
ponents and software for a host computer. The two hardware compo- 
nents are a general-purpose Brain board common to all National micro- 
controller ~Cs and a personality board specific to the particular National 
w.C being supported (which plugs into the Brain board). COP is sup- 
ported by one of the personality boards. 

Application hot line: (408) 721-5582. 
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—— CHARACTERISTICS 


SUPPORT 


ei eT TR GQ oEOEOEeEeEeEeeeeeeeeeee 


4-BIT NMOS AND CMOS 


National Semiconductor Corp 

2900 Semiconductor Dr, MS 16-174 
Santa Clara, CA 95051 

Phone (408) 721-5000 


For more information, Circle No. 720 


Status: Note that National’s COP800 (next entry) is similar to COP400 
in name only; it has a different architecture and instruction set. 


SOFTWARE 


i—DATA-MANIPULATION INSTRUCTIONS 

Binary arithmetic with BCD handled by add immediate. Only logical 
function is exclusive-OR. Can test individual bits in RAM. 
lli—DATA-MOVEMENT INSTRUCTIONS 

Direct and indirect movements between data RAM and accumulator. 
Like some other 4-bit, 1-chip ~Cs, makes use of built-in exclusive-OR 
in instruction to flip back and forth between nibbles of data strings. 
Combination instructions permit indexing forward and backward 
through data RAM. 

Move 8-bit pattern from instruction ROM to Q output register, also 
8-bit table look-up on input. 

Can set up operating modes on serial I/O with software, turning chip 
into counter if desired. 

|/O instructions to individually serve unique I/O ports. 
lli—_PROGRAM-MANIPULATION INSTR 

Jump and jump indirect. 

Jump and return from subroutine (three levels of return stack; two for 
410L). 

Skip-type conditional test instructions. 

Vectored hardware interrupt. 

iV—PROGRAMN-STATUS-MANIP INSTR 

Set and carry bit and interrupt enable (there’s a means for saving carry 
status upon interrupts). 

V—POWER-SAVING INSTRUCTIONS 

Halt instruction disconnects internal circuitry from clock, which lowers 
power consumption to a few pA. Because chip is static CMOS, all 
registers retain data and upon Reset restart from where they left off. 


Specification summary: Single-chip «C with split-memory architec- 
ture; 8-bit-wide instruction side (1k bits for 420 part) and 4-bit-wide 
data side (64 bits for 420 part). Considerable on-chip 1/O despite small 
package size (28 pins for 420) including clocked serial/event-counter 
port. Family includes 30 devices with different memory and 1|/O options 
and is fabricated in several device technologies, including basic metal- 
gate NMOS and CMOS. Power for CMOS will vary from 3 mA at 14-sec 
cycle to 120 wA with 64-ysec cycle (using 32-kHz watch crystal) and 
2.4V supply. ‘‘Asleep”’ drain is 6 ~A max. Extended-temperature-range 
devices (— 40 to +85°C and —55 to +125°C) available, as well as 
extended-voltage-range devices. 


COP400 FAMILY (NMOS MEMBERS) 


MEMORY 


TIMER 

PART ROM RAM | I/O BASE SIZE 
NUMBER |(BYTES) |(DIGITS) |PINS| INTERRUPT | STACK |COUNTER|(PINS)| OTHER 
COP410L | 05k 32 19 NO 2 LEVEL NO 24 
COP41iL 0.5k 32 16 NO 2 LEVEL NO 20 
COP413L | 05k 32 16 NO 2 LEVEL NO 20 PMP 
COP414L | 05k 32 16 NO 2 LEVEL NO 20 PMP 
COP420 1.0k 64 23 | 1 SOURCE |3 LEVEL YES 28 |MICROBUS 
COP421 1.0k 64 20 NO 3 LEVEL YES 24 
COP422 1.0k 64 16 NO 3 LEVEL YES 20 
COP420L }|_ 1.0k 64 23 | 1 SOURCE |3 LEVEL YES 28 PMP 
COP421L 1.0k 64 20 NO 3 LEVEL YES 24 PMP 
COP422L | 1.0k 64 16 NO 3 LEVEL YES 20 PMP 
COP440 2.0k 160 36 |4 SOURCES |4 LEVEL YES 40 |MICROBUS 
COP441 2.0k 160 23 |4 SOURCES |4 LEVEL YES 28 |MICROBUS 


COP442 2.0k 160 19 ]2 SOURCES /4 LEVEL YES 24 
COP444L | 2.0k 160 23 | 1 SOURCE |3 LEVEL YES 28 
COP445L | 2.0k 160 20 NO 3 LEVEL YES 24 


NOTE: PMP IS POST-METAL PROGRAMMING. 


SOFTWARE 


Mole software is intended for user’s host computer and is written for 
MS-DOS and CP/M. Includes COP cross-assemblers. 
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COPSs00 


AVAILABILITY: Now. 

COST: $2 to $5 for standard parts in high volume. 

SECOND SOURCE: Sierra Semiconductor. 

CORE: Sierra is using COP800 core for custom designs for applications 
such as portable medical monitors and home security. According to 
National, the number of parts in the standard family is growing by 
more than 35% per year. National offers a configurable-controller ap- 
proach based on a set of microcontroller building blocks. 


Description: 8-bit CMOS single-chip family in which a purposely sim- 
ple core wP is surrounded by varying amounts of memory, peripheral 
functions, and 1/O. Some 20 parts exist. Initial core has provision for 
addressing 32k-byte program memory and 256-byte data memory. The 
program and data memory are treated separately so, like the 4-bit 
COP400, the COP800 has a Harvard architecture. Otherwise, the 
COP800 seems more similar to Von Neumann common-memory ma- 
chines such as Motorola’s 6805 or National’s 16-bit single-chip device, 
the HPC. 


HARDWARE 


DATA SIDE 


<——————. PROGRAM she 


O 
Lo 


Aland PROGRAM COUNTER (15) 


INSTRUCTION 
DECODER 


TIMER/COUNTER 
16 BITS AITH AUTO- 
LOAD & CAPTURE 


INTERRUPT : 


INDUSTRIAL 
VERSION 
(-40TO +85°C) 
COP820C 
COP821C 
COP822C 
COP8640 


MIL 
VERSION 
(-55TO +125°C) 

COP620C 
COP621C 
COP622C 


ROM/EPROM/ 
EEPROM 
(BYTES) 


TIMER 
BASE 
COUNTERS 


RAM 
(BYTES) 


OTHER 


3 SOURCES 
3 SOURCES 
3 SOURCES 


3 SOURCES 


28 | 64x8-BIT 


1 
1 
1 
COP8641 2.0k 64 20 3 SOURCES 1 24 EEPROM 
COP8642 2.0k 64 16 3 SOURCES 1 20 IN RAM 
COP8620 1.0k 64 24 3 SOURCES 1 28 64x 8-BIT 
COP8621 1.0k 64 20 3 SOURCES 1 24 EEPROM 
COP8622 1.0k 64 16 3 SOURCES 1 20 IN RAM 
COP8720C 1.0k EEPROM 64 24 3 SOURCES 1 28 64 x 8-BIT 
EEPROM 
IN RAM 
COP8721C 1.0k EEPROM 64 20 3 SOURCES 1 24 64x 8-BIT 
EEPROM 
IN RAM 
COP8722C | 1.0k EEPROM 64 16 3 SOURCES 1 20 64x 8-BIT 
EEPROM 
| IN RAM 
COP840C COP640C i 
COP841C COP641C 
COP842C COP642C 2.0k 128 24 3 SOURCES 28 
2.0k 128 3 SOURCES 


3 SOURCES 


COP880C 
COP881C 


COP8780C* 
COP8781C* 


COP884CF 


COP680C 
COP681C 


3 SOURCES 
3 SOURCES 


3 SOURCES 
3 SOURCES 


10 SOURCES 


4.0k EPROM 
4.0k EPROM 128 


COP684CF 


COP884CG COP684CG 12 SOURCES 
COP884CL 


COP884CS* 


COP684CL 
COP6840CS 


10 SOURCES 


1 
1 
1 
1 
1 
1 
1 
2 
3 
2 
12 SOURCES 1 


COP888CF COP688CF 10 SOURCES 


COP888CG COP688CG 14 SOURCES 


-"9 w ny 


COP888CL 
COP888CS* 


COP688CL 
COP6820CS 


10 SOURCES 
14 SOURCES 


*AVAILABLE IN 1990 
ALL DEVICES IMPLEMENT THEIR STACKS IN RAM AND HAVE AT LEAST 1 SERIAL 1/0 PORT 


100 


HARDWARE 


Supported on National COP800 Development Systems. The system 
can be used in conjunction with IBM PC as host. 


——— CHARACTERISTICS 


SUPPORT 


8-BIT CMOS 


National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95051 

Phone (408) 721-5000 


For more information, Circle No. 721 


Status: Having gained one of the leadership positions in the 4-bit 
microcontroller field with its COP400 and having gotten 16-bit microcon- 
trollers off to a start with its HPC16083, National introduced this 8-bit 
controller to fill the gap between those two devices. The architecture 
of the core ~P seems quite simple—a bit like the Motorola 6508. Na- 
tional purposely kept the core simple and straightforward to leave room 
for lots of memory, peripheral functions, and |/O. Parts are built on 
National’s double-metal process, shrinkable to submicron levels. 


SOFTWARE 


i—DATA-MANIPULATION INSTRUCTIONS 

Add, add with carry, and subtract with borrow. 

Logicals include rotates, shift compares, and conditionals. 

Decimal correct. 

Increment and decrement. 

Bit manipulation: set, reset, and test individual bits in data 
memory, which includes those in data registers and 1/0 
ports. 

li—DATA-MOVEMENT INSTRUCTIONS 

Load and exchange instructions with optional automatic post increment 
or decrement of the associated pointer. Most allow the use of either 
the B or X pointer. Decrement register and skip if zero. 
lll—_PROGRAM-MANIPULATION INSTR 

Jump instructions: relative, absolute, absolute long, and in- 
direct. 

Subroutine, subroutine long, return, and skip (subroutine levels are 
limited only by the amount of available RAM). 

Push and pop. 

iV—PROGRAM-STATUS-MANIP INSTR 

ALU-driven decision bits in status register (PSW) appear limited to carry 
and half-carry flags. These, as well as interrupt control bits for various 
on- and off-chip interrupt sources, can be set and reset. 
V—POWER-SAVING INSTRUCTIONS 

Halt mode, which is entered by setting data bit and exited by reset or 
low-to-high transition on the CKO pin. 

Note: 


1. Program-branch decisions are implemented in skip-the-next-instruc- 
tion manner. 


Specification summary: 8-bit Harvard (split-memory) architecture 
uC in CMOS. 15-bit program counter (PC) can address 32-byte program 
memory, which can include data and data tables. Initial on-chip memory 
selections are 1k, 2k, and 4k bytes. Selection of on-chip SRAM can 
be as large as 256 bytes. All data, control, and I/O registers are mapped 
into data-side memory space. Two bidirectional 8-bit and two unidirec- 
tional 4-bit |/O ports max. Each |/O pin has software-selectable options 
to adapt the chip to specific applications. Part may be operated in 
ROMless mode to provide for emulation and for applications requiring 
external program memory, in which case external memory is accessed 
serially via the 1/O ports. On-chip peripheral functions include software- 
selectable |/O of as many as 39 I/O pins, 3-wire serial |/O, 16-bit timer/ 
counter with capture register and auto reload, and an 8-source interrupt. 
Maximum speed is 1-ywsec instruction cycle (most instructions take one 
cycle). Clock for 1-ysec cycle is 10 MHz. Operates over 2.5 to 6V range 
and draws 9 mA running full speed at 1-ysec cycles, but less than 1 
wA when halted. Enclosed in 20-, 24-, 28-, 40-, and 44-pin DIPs and 
surface-mount packages. MIL-spec versions available. 


Hardware notes: 

1. Diagram shows basic COP800-family architecture. Over 10 basic 
parts planned for the family. Each has an emulator part created by 
replacing standard masked-ROM with EEPROM. 

2. The basic core, including CPU and some peripherals, is only 66 mils 
per side (4330 sq mils area), thus only taking up ‘Acth of reasonable- 
sized chip (200 mils per side or 40,000 sq mils area) and leaving ade- 
quate room for not only basic memory and I/O but also for UARTs, A/D 
converters, additional timers, LCD display drivers, and custom features 
for specific applications. Sierra says cost of ASIC design can be as low 
as $40,000 up front (16 weeks’ time), meaning ASICs can be cost 
competitive for 100k quantities. 


SOFTWARE 


Cross-assembler for IBM PC and other computers. Form-fit emulators 
are available for every member of the family. These parts are either 


piggybacks, 2-chip hybrids, or single-chip EPROMs or EEPROMs. 
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Thanks to Elantec, 
AIE design engine¢ ers are 


no longer kept waiting on 
shh idjfzy, Pins and needles. 


With Elantec pin drivers and 
FET input buffers, the ATE industry 
can stop sitting on the edge of 

their seats. 


FS Whether it’s for IC or 
© ae loaded PC board testers, our 

parts are higher performing 
BG FOS HA 1 A city, Ene” —_» than the competition. Not to 

+ 22 __ mention more affordable. 
a As are Elantec analog ICs for all appli- 
cations—from ATE, video and LANs, to 
instrumentation, disk drives, and more. 


ee — One product that pins down the fastest 
, logic devices is our FET input EL2031 
~ buffer amplifier. It drives 7000V/us signals 
==> into 100 ohm loads. Or buffers those signals 


Another Seni is our EL2021 monolithic 

pin driver. It supports in-circuit and functional 

._ testing with a programmable slewrate to 250V/us. 
‘A Plus it drives externally programmed 

. voltages i into difficult and reactive loads 

\\ and overdrives device outputs in the mid- 

7 dle of loaded PC boards. Best of all, the 

f W ¥ Y *  —EL2021 costs less, so you can afford a part per pin 

ae elaninete multiplexing. 

For all high-performance applications, look to the full family of 
Elantec high-speed analog products. Everything from amplifiers and 
buffers, to comparators and transistor arrays. Elantec, analog that’s 
ahead of the times. 


There’s No Wait For A Selection Guide. For your free 
copy, circle the bingo number or write Elantec. 


Because when it comes to designing PC board or | _ ) | t 
IC testers, you'll never need to be needled again. & eala 2c 


HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 


Elantec: 1996 Tarob Court, Milpitas, CA 95035. Telephone: (408) 945-1323, Fax: (408) 945-9305 © 1989 Elantec 
European Sales: 87 Jermyn Street, London, SW1Y6JD, England. Tel: 44-1-839-3841, Telex: 917835, Fax: 44-1-930-0751 


$ 
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8048 FAMILY 


AVAILABILITY: Now. 

COST: Masked-ROM parts less than $2 in high volume (100k). EPROM 
parts cost $18 (100). CMOS parts cost as little as $3 (100k). Win- 
dowless-PROM parts cost $8 (5000). 

SECOND SOURCE: Toshiba, NEC, Signetics/Philips, National Semi- 
conductor, Oki, Siemens, Fujitsu, GE-Intersil, UMC (Taiwan), with vol- 
ume being spread out among suppliers. 

CORE: Zymos has been using 80C49 as core for ASICs for a number 
of years. Others are following as 8048/49 combines widespread popu- 
larity with reasonably small core size. 


Description: Broad family of single-chip controller-type Cs, including 
version that can function as slave (8041). Basic models don’t have 
serial communications ports (Some versions from Philips do), but they 
can use 8080/85 peripherals for I/O expansion. See 8051 listing for 
enhanced version. 


HARDWARE 


PROGRAM SIDE 


| oo 2 pata SIDE 


MEMORY BIT 


(leer 
ws 


MEM-ADDR REG 


GEN RAM 
AREA 
Cea 
STACK (8 LEVELS SUBR) 16 
ed Be 


BANKS ARE SOFTWARE SELECTED 
TO BE ACTIVE ONE AT A TIME FIRST 
TWO REGISTERS IN EACH BANK ARE 
MEMORY POINTERS 


ea 


te 


ROM 
{EPROM ON 8748) 
Wk x8 


INSTRUCTION REG 


CLOCK 
cs 64 
CHIP CONTROL 


CONTROL BUS 


INT 


CONTROLS 
FOR EXT BUS 


Hardware notes: 

1. Diagram is for basic 8048. Table indicates some other basic parts, 
most of which exist in both NMOS and CMOS. 

2. CMOS parts are designated 80C48, 80C49, 80C50, etc. 

3. There are many other variations of the basic 8048 among the many 
suppliers. For example, Intel’s 8041/42 chips are software compatible 
but can be configured as slaves to host wPs for interface applications. 
The National NS 405/455 uses the 8048 core as basis of a terminal 
controller. Siemens has telecommunications-oriented 80C382/482. A 
number of semicustom houses use the 8048 as a core processor in 
their libraries. 


MEMORY (BYTES) 


PACKAGE PINS 


*ALSO AVAILABLE IN 44-LEAD PLCC PACKAGE. 


HARDWARE 


From intel: Intel plays down 8048 support, saying that there are now 
numerous third-party OEM suppliers of PC-hosted emulators for the 
8048 family. 

From NEC: Ekakit 84C-1 stand-alone emulator (less than $2000). 


——— CHARACTERISTICS 


SUPPORT 


8-BIT NMOS AND CMOS 


Intel Corp 

Embedded Controller Operation 
5000 W Chandler Bivd 
Chandler, AZ 85226 

Phone (602) 961-8051 


For more information, Circle No. 722 


Status: Intel is still bullish about the 8048. However, Intel chose the 
8051 over the 8048 as the kick-off core for ASICs and says it has no 
definite plans to use the 8048 as an ASIC core. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 
Arithmetic and logic. 

Bit set and reset. 

Two working banks of 8-bit registers. 
liI—DATA-MOVEMENT INSTRUCTIONS 

Both internal and external RAM are fully accessible by instruction set. 
Indirect and direct data fetches. 
lli—PROGRAM-MANIPULATION INSTR 

Decrement and skip if zero. 

Over 20 conditional branches. 

8-level stack with expansion capability. 

Two vectored interrupts. 

Two programmable flag bits under software control. 
iV—PROGRAM-STATUS-MANIP INSTR 

Status word is fully accessible and is stored in the stack. 


Specification summary: Split-memory architecture with 1k to 4k 
bytes of program ROM or EPROM on chip and 64 to 256 bytes in 
separate space, also on chip. I/O has its own space and instructions 
to operate directly on |/O ports. All spaces are expandable: program 
memory to 4k bytes, data memory to 256 bytes, I/O to unlimited 
amounts. I/O can use 8080/85 peripherals. Devices have 8-level stack 
for subroutine nesting and interrupt response. Dual banks of working 
registers allow rapid context switching. Family members execute their 
1- and 2-cycle instructions at 1-cycle times ranging from 1.36 to 15 
wsec. NMOS 5V technology in 40-pin DIP and 44-pad chip carriers; 
UV-erasable ROMs (EPROMs) and windowless PROM parts are avail- 
able. CMOS versions available with idle and power-down features and 
optional flatpack packages. 


SOFTWARE 


From intel: ASM-48 package with linker to run on Intel microcomputer 
development systems running ISIS operating system ($1500 for 8-copy 
license). 

From others: Because of the broad-based popularity of this family, 
dozens of independent sources of development and application soft- 
ware exist, including support on universal development systems from 
Tektronix and Applied Microsystems. 

Program library: Insite Library contains variety of application pro- 
grams. 


EDN November 23, 1989 


Raw Speed. 


The world’s fastest CMOS PLDs 
are the keys to your high performance design. 


The leader in CMOS PLDs has 
done it again. Lattice’s new 10ns 
GALI6V8A and GAL20V8A devices 
are the fastest on the track. With 
power consumption only one-fourth 
to one-half that of bipolar PLDs. 

If you need higher functional 
integration, test drive our 15ns 
GAL22V 10. It’s the fastest user- 
programmable 22V 10 available. 

As if our superior speed/power 
product were not enough, our univer- 
sal GAL® architecture makes conven- 


GALisa registered trademark of Lattice Semiconductor Corporation. 


E2CMOS is a trademark of Lattice Semiconductor Corporation. 
PAL is a registered trademark of Advanced Micro Devices, Inc. 


EDN November 238, 1989 


tional PAL® devices—and huge 
inventories—obsolete. The 16V8A 
and 20V8A can replace 42 standard 
PAL devices. 

Best of all, you know you've gota 
winner before you ever use a Lattice 
GAL device. Our proprietary electri- 
cally erasable CMOS (E*?CMOS™) 
process lets us repeatedly test every 
characteristic before we ship the part. 
Which means 100% programming 
yields. Less board rework. And better 
system reliability. 


Make sure your high-performance 
design has all the right parts. Get the 
fastest CMOS PLDs available. Only 
from Lattice, the leader in CMOS 
PLDs. 


Lattice 


Semiconductor 


Corporation ™ 
5555 N.E. Moore Ct. ¢ Hillsboro, OR 97124 


Inventors of the E7?GCMOS PLD™ 


Circle 55 for Literature 
Circle 56 for Employment Information 


Copyright ©1989, Lattice Semiconductor Corporation. 
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8051/8052 FAMILY 


AVAILABILITY: Now for 8051, 80C51, 8031, 80C31, 8751, 87C51, 
80C32, 83C51FA, 87C51FA, 83C51FB, 87C51FB, 8032, and 8052. 
COST: $2.70 (2k) for 8051; $33 (1k) for 8751; $3.30 (2k) for 80C51; 
$3.20 (2k) for 8052; $48 (1k) for 87C51; $42 (1k) for 8752; $5.30 (2k) 
for 80C52; $5.85 (2k) for 83C51FA; $57 (1k) for 87C51FA; and $65 (1k) 
for 87C51FB. 

SECOND SOURCE: Siemens, Signetics/Philips, AMD, Fujitsu, Oki, 
and Harris-Matra (France) licensed. 

CORE: Intel’s ASIC Components Group is using the 8051 as its starting 
wP core. 


Description: Expandable single-chip controller, an enhanced version 
of the same supplier's widely used 8048 family. Architecturally, it fea- 
tures the nonpaged form of addressing for easier programming; more 
interrupts with extra RAM register banks to service them; increased 
stack depth; and new instructions, such as multiply, divide, and com- 
pare. In peripheral support, the 8051 adds a full-duplex hardware UART 
and enlarged timer/counter capability. 


HARDWARE 


_ DATAPTR(16) — K__ = _ 


ee —,_| lo : 7 rece “ADDRESS REG _ 
i U3 


| 4 BANKS 


PROGRAM : 
"OF 8 REGS 


MEMORY =s_ ||_—s—s™ 
4K/BK 


go5180C51 

see 

EPROMON = fg 
as 


MISSINGON © 
eosieccat | 
geet 


_ INSTRUCTION REG _ 


5] 


INPUTS 


EXTERNAL 
DEVICE 
(WITH MEM 
LATCH) 


[A SERIAL 
¢>— UART 
EXTERNAL 
¢}—_— INTERRUPT 
TIMER) 
gS 


EVENT 


® 


LOW-ORDER ADDRESS CONTROL 
& DATA MULTIPLEXED BUS 


Specification summary: Expandable single-chip C. Split-memory 
architecture has 4k- to 8k-byte ROM on chip and 128 to 256 bytes of 
RAM on chip. Memories each expandable externally to 128k bytes. 
Four 8-bit ports on chip, but only one of these remains a port when all 
off-chip expansions and on-chip special functions are used. Special 
functions included on chip are full-duplex hardware UART (to 500k 
baud), two or three 16-bit timer/counters, and interrupt system to serv- 
ice these internal functions along with two external interrupts with 3-to 
7-usec latency. Instructions are a superset of the 8048s, with paged 
addressing eliminated. At 12-MHz clock frequency, most instructions 
take 1 wsec; multiply or divide requires 4 sec. Supplier's high-density 
HMOS silicon-gate n-channel technology used to achieve small die 
size and speed. Packaged in 40-pin DIP and 44-pad chip carriers. 8051 
is also available in CMOS (80C51) with 12- or 16-MHz performance 
and idle/power-down modes. 


HARDWARE 


From Intel: ICE-5100/252 in-circuit emulator ($5495) supports the en- 
tire MCS-51 family including 8051, 8052, and 80C52. Comes with mac- 
roassembler and editor. The emulator is hosted on an IBM PC AT/XT 
running DOS 3.1 or later versions, as well as on Intellec Series III/IV 
development systems. 
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——— CHARACTERISTICS 


SUPPORT 


8-BIT NMOS AND CMOS| 


Intel Corp 

Embedded Controller Operation 
5000 W Chandler Bivd 
Chandler, AZ 85226 


Phone (602) 961-8051 For more information, Circle No. 723 


Status: Generally thought of as the leader among the newer, more 
powerful 8-bit single-chip Cs. This family faces stiff competition from 
high-end 8-bit ~Cs, such as Mitsubishi's 50740 version of the 6500/1, 
Motorola’s 68HC11, NEC’s 7811, Hitachi's 647180, and National’s 
COP800, as well as from 16-bit w~Cs, such as Intel’s own 8096 and 
National’s 16040. The 8051 is among the most widely used cores in 
market-specific Cs. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic, including add, subtract, multiply, and divide. 

Bit manipulation, including complex tests on bits and branching on 
results. 

li—DATA-MOVEMENT INSTRUCTIONS 

Register addressing for the eight working registers in the four register 
banks. 

Direct, immediate, and indirect data addressing for more general data 
accessing. 

Table look-up in ROM via data pointer. 
lli—_PROGRAM-MANIPULATION INSTR 

Depth of subroutining limited only by available space in 128- or 256-byte 
on-chip RAM. 

Conditional jumps on status-register flags. 

Conditional jumps on comparisons. 

Vectored interrupts to service two external interrupts, timers, and 
UART. 

iV—PROGRAMN-STATUS-MANIP INSTR 

CPU’s program-status word fully accessible via software. Status bits 
in timer and UART also software accessible. 


Notes: 

1. The 14 members of the 8051 family have between 128 and 256 bytes 
of RAM and differ mainly in their amount and form of on-chip ROM. 
The 8051 and 80C51 incorporate 4k bytes of masked ROM. The 8751 
and 87C51 have 4k bytes of EPROM. The 83C51FA has 8k bytes of 
masked ROM and a programmable counter array (PCA). The 87C51FA 
has 8k bytes of EPROM and a PCA. The 8031, 80C31, and 80C51FA 
have no on-chip ROM. Hence, because they must use ports to access 
external memory, only port 1 is available for I/O. The 83C51FB and 
87C51FB are 16k-byte-memory versions of the FA versions. The 8052 
and 80C52 have 8k bytes of masked ROM. The 8032 and 80C32 have 
no on-chip ROM. The 8052, 8032, 80C52, and 80C32 have 256 bytes 
of on-chip RAM. 

2. The 8051’s Boolean-processor capabilities refer to the way instruc- 
tions can single out bits in RAM, accumulators, I/O registers; perform 
complex bit tests and comparisons; then execute relative jumps based 
on results. 

3. The slave version of the 80C51, the UPI-452, is counterpart of UPI-42 
(8041/42) for the 8048 family. It is intended for software-customizable 
interfaces. 

4. Intel has one model of 8052 preprogrammed with a full Basic inter- 
preter. 


SOFTWARE 


From Intel: ASM-51 and PL/M-51, both containing a relocation and 
linkage utility, are available for the IBM PC and Intel microcomputer 
development systems. 

From others: A number of third-party software suppliers have devel- 
oped C compilers for 8051 that have special features suited to micro- 
controller applications. Two such compilers are Micro Computer Con- 
trol’s (Hopewell, NJ) for $1495 and Archimedes Software’s (San Fran- 
cisco, CA) for $851. Both are hosted on IBM PC. 


EDN November 23, 1989 
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DATA-FLOW BOTTLENECKS 


THEMIS SINGLE BOARD COMPUTER 


ELIMINATES 


Arbitration Delays 


EDN November 23, 1989 


Concurrent Transfers 


Until now shared memory architectures have resulted in data-flow 
bottlenecks. The resulting arbitration delays cause unpredictable 
data transfer latencies, unwelcome in real-time systems. 


The Themis TSVME 133 relieves this shared resource bottleneck by 
providing dedicated paths and memories for high speed transactions. 
Thus, three levels of concurrent operation are possible: 


¢ 68030 Transfers with Local Memory 
¢ Global VMEbus Transfers with Shared Memory 
¢ Ethernet Transfers with Buffer Memory 


If you have to manage VMEbus, VSB, Ethernet, SCSI, FDC and 
SeriaLline ports, the TSVME 133 will keep your data moving! 


Themis Computer offers VMEbus board, system and software solutions 
Jor applications in real-time Processing, Industrial I/O, 
Communications, Video/Graphics, DSP and Robotics. 


For information, call Themis Computer 
Amentcas and Pacific Rim: 

(415) 734-0870, FAX (415) 734-0873 
Europe: 

(331) 69.86.15.25, FAX 64.46.45.50 


Americas: 6681 Owens Drive, Pleasanton, CA 94566 
Europe: 29, Av. de la Baltique, 91953 Les Ulis Cedex-France 
CIRCLE NO 57 
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6804/6805 


AVAILABILITY: Now for most models. 

COST: $1 to $8. CMOS parts are more expensive than NMOS ones. 
SECOND SOURCE: Harris, Hitachi, and SGS Thomson. 

CORE: Motorola and NCR have joint ASIC pact to use CMOS 6805 
as core along with NCR’s similar 6502 ~P core. SGS Thomson has 
ST6 core, which has architecture somewhat similar to 6804's. 


Description: Family of single-chip Cs based loosely on 6800 archi- 
tecture but in some ways more like 6502 (especially 6805). Family offers 
various amounts of |/O, RAM, and ROM. Internal bus frequencies span 
dc to 4 MHz. Some parts contain an on-chip A/D converter, EEPROM, 
serial |/O, and software security. 6804s are meant for lowest-end appli- 
cations. They use some serial data paths internally to reduce chip size. 


8-BIT NMOS AND CMOS 


Motorola Microprocessor Products Group 
6501 William Cannon Dr W 

Austin, TX 78735 

Phone (512) 440-2000 


For more information, Circle No. 724 


Status: Supplier's steady commitment to this family over past 11 years 
has paid off. It trails only the 8048/49 family and the 50740 in market 
share. Motorola continues to expand the 6805 family. 


HARDWARE ————— CHARACTERISTICS ———— SOFTWARE 


SP/LO (5) 


INDEX/LO (8) 
ACC (8) 


STATUS({(5) 


PRESCALER 
/ TIMER(8) 


INTERRUPT 
TIMER 


Hardware notes: 

1. Diagram is for nonexpandable Model P2 in 28-pin package. 

2. Comparison of 6805 with 6800: Stack pointer has only five working 
bits, so stack is only 32 bytes deep. Only one accumulator. Index 
register only 8 bits wide, so it can only span 256 memory locations. 
However, a 16-bit offset addressing mode is supported on all members 
of this family, thus 256-byte tables can be accessed anywhere within 
the memory space. Program counter only 11 bits, which is adequate 
for P2’s 2k-byte RAM+ROM memory space; the program counter is 
as long as 14 bits in some members of this family. Only one external 
interrupt is provided, but some models have timer-input capture pins, 
which may provide additional edge-triggered inputs. 

3. Note additional 116 bytes in ROM for built-in self-check program 
that tests |/O, ROM pattern, RAM, and interrupts. Program is initiated 
by special pin. 

4. Harris has emulator versions (68EM05/C4,D2) for prototyping and 
low-volume production. These are ROMless devices with all ROM ac- 
cess buses brought out for direct interfacing to industry-standard 
EPROMs. Available in 40-pin piggyback for 2764. 


I—DATA-MANIPULATION INSTRUCTIONS 

All 6800 arithmetic, logic, and shift instructions. Bit set, clear, and 
branch on bit test. Bit tests can be made on all |/O and memory bits. 
68HCO05 has 8 x 8-bit multiply. 

li—DATA-MOVEMENT INSTRUCTIONS 

Relative addressing allows data relocation. 

True indexing within the 256-location limits of 8-bit index. 
lli—PROGRAM-MANIPULATION INSTRUCTIONS 

18 conditional branches, including branch of interrupt line test. 

Mostly the same conditional branches as the 6800, but with more em- 
phasis on branch-upon-bit and interrupt tests. 

Only 15 levels of subroutine nesting, including interrupt returns; 31 
levels on certain new parts. 

Four sources of interrupts: external, timer, software, and reset. 68HC05 
has vectored interrupts to service its serial-communications and periph- 
eral interfaces 

IiV—PROGRAM-STATUS-MANIP INSTRUCTIONS 

Instructions for manipulating bits in status register and timer. 
V—POWER-SAVING INSTRUCTIONS 

CMOS 6804s and 6805s have Stop and Wait instructions and will safely 
reset themselves when the clock is reapplied. 


Specification summary: Common-memory architecture in which in- 
structions, data, 1/O, and timers all share the same memory space. 
This scheme allows |/O to be bit rotated and bit manipulated. Dedicated 
bit manipulation includes bit set/clear and branch on bit set/clear. A 
4-MHz oscillator provides a 1-MHz internal cycle on most 6805 ver- 
sions. New 68HC05s have a 2.1-MHz internal bus speed. Some, like 
the 68HC705C8, available with a 4-MHz bus speed. Included are parts 
with program security, on-chip EEROM, A/D converter, serial peripheral 
interface, serial communications interface, and PLL frequency synthe- 
sizer. Family consists of NMOS and CMOS parts in 20-, 28-, and 40-pin 
DIPs and chip carriers. NMOS requires 5V supply; CMOS operates 
over 3 to 6V. 


HARDWARE —————————- SUPPORT ——————_ SOFTWARE 


From Motorola: HDS-200 hardware/software development station, 
operates independently or interfaced to virtually any host with an RS- 
232C line, including Motorola’s Exor stations. The _ less-costly 
68705EVM (HMOS) and 1468705EVM (CMOS) boards, which have 
ports to a terminal and host computer, provide target-system emulation. 
From RCA: Single-board evaluation kit that interfaces to IBM PC via 
RS-232C line. 

From others: A number of third-party companies provide hardware 
emulators for the 6805 family, including Sophia Systems (Santa Clara, 
CA) and American Automation (Tustin, CA). Most of these emulators 
interface to IBM PCs. 


From Motorola: Software can be obtained free for downloading over 
phone lines by calling (512) 440-3733. 

From others: Many cross macroassemblers and linking loaders, some 
relocatable. RELMS (San Jose, CA) has cross support for Intel develop- 
ment systems. Avocet Systems Inc (Rockport, ME) has cross-assem- 
blers for 6805 and 6804 that run on IBM PC and compatibles. !ntrol 
(Milwaukee, WI) provides cross-compilers and cross-assemblers. 


Text continued on pg 116 
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CY7C332 
15ns Input Registered Combinatorial PLD 


speeds to 125MHz. 


\6 


) PLD C 18G8 | 
12ns Universal 20-pin Programmable 


eprogrammable 
Ultra High 


Performance PLD. 


CY7C330 Synchronous State Machine PLD. 
66MHz. 

Fast enough to run at 66MHz without 
breathing hard. Created for state-machine 
sequential logic, so it is easy to program, and 
delivers very efficient state-machine func- 
tionality. With 258 product terms, you have 
the flexibility you need to create high per- 
formance logic quickly and elegantly. 


: ed ] Asynchronous Registered PLD. 
ns. 

The only PLD that can selFtime asyn- 
chronous, sequential operations. 

You get product term control of set, reset, 
and clock. You get the flexibility of 192 
product terms and multiplexed I/O Macro- 
cells. And you get 
speed. 20ns maximum 
input to output. 


CY7C332 Registered 
Combinatorial PLD. 
1 5ns. 

The high performance solution for com- 
binatorial applications. You get twice the 
logic capacity of previous-generation combi- 
natorial PLDs, and 50% more speed than any 
CMOS PLD with comparable logic capability. 


CY7C€361 Ultra High Speed State Machine 
EPLD. 125MHz. 

Logic to keep pace with the truly high- 
revving microprocessors. Cache and I/O 
subsystem control, numeric processor 
control, asynchronous dataflow applications, 
to name a few, are simplified and accelerated 
with this high performance PLD. 


CYI0E/100E301 and CYI0E/100E302. 
ECL PLD. 2.5ns. 

We've taken the popular workhorse 16P8 
and 16P4 PLDs, and implemented them in 
our ultra-high-performance ECL process. 
The result: The fastest PLDs on earth. 


PLD C 18G8 Universal 20-pin Progranmable 
Logic Device. 12ns. 

Here is our newest reprogrammable 
CMOS PLD — a universal device that 
replaces a huge range of logic functions, 
from 10H8 and 18P8, to 16V8 and 18U8 with 
just about every configuration in between. 
Simpler inventory. Much faster part. 
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Pp of | rt mE 
PROGRAMMABLE AND ARRAY (132 X 44) 


wal al wal 


So TT 
» 


A: 
ra 
eg Se © Hos Hess Hoes B ry 
Biatgigi: igtgigigigiy 
ee [17] Lis) 20) 


1/06 1/O5 1/Oq 1/03 1/09 1/0, 1/09 Vec 


5ns Field Programmable Array Logic) 


eprogrammable 
High Performance 
PLD. 


CY7C€340 Multiple Array Matrix (MAX™) 
PLD Family. To 50MHz. 

This family extends the benefits of Pro- 
Srammiable Logic to logic densities that 
once required gate arrays, up to 50 separate 
TTL parts, or up to 15 PLDs. 

Compared to using multiple TTL 
devices, you save board space, power, cost, 
and design time. 

Compared to using small gate arrays, 
you save NRE, design time and gain consid- 
erable control through reprogrammable 
bench-level development. 


50MHz speed, with high density. 

The architecture of Macrocells grouped 
into Logic Array 
blocks gives you tre- 
mendous design 
flexibility. 

The architecture 
is optimized for 
variable product 
terms. The grouping of Macrocells into 
Logic Array Blocks offers additional 
flexibility through Expander Product Terms 
which can be shared between Macrocells. 

This means you can implement as many 
as 35 product terms ina single Macrocell. 
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70344 | 7C343 | 7C345 | 7C342 
Macrocells 
MAX FlipFlops 


PLD C 20RAI0 Programmable 
Logic Device. 20ns. 

Here is an improved, low power version 
of this popular, high-performance part. 
You get an extremely fast, cost effective 
solution for asynchronous logic designs in 
the 200-400 gate range. 


PAL C 22V10 Programmable 
Logic Array. I5ns. 

Programmable Macrocells deliver the 
flexibility to implement product terms 
sufficient to replace logic in the 500 gate 
complexity range. 

Our high performance 0.8 micron 
CMOS process gives you the flexibility of re- 
programmability, very small package sizes, 
low power draw, and speed, speed, speed. 

A best-seller for good reasons. 
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EQUATION ENTRY 
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TRUTH TABLE 
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GRAPHIC EDITOR 


BOOLEAN 
ENTRY 


| QUICK PROILMAX 
PROGRAMMING 


4 HARDWARE 


| PLD 

f TOOLKIT 

W DESIGN 
EDITOR 


, 4, 
‘ 
» 


¢ 
* 


PROGRAM 


CY7C340 (MAX) 


FAMILY OF EPLDs 


PROGRAM AIL 


OTHER CYPRESS EPLDs 


AND ECL PLDs 


PLD TOOLKIT 


FUNCTIONAL SIMULATOR 
WITH WAVEFORM EDITOR 


OCUMENTATION 
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JEDEC COMPATIBLE 
PLD D 


educe stress and 
time to market with 
our PLD tools. 


You've seen the industry’s biggest selec- 
tion of high performance PLDs. 

But our PLDs are just part of the reason 
why we re your source for highest per- 
formance programmable logic. 

The other part is design support. 

Our force of talented, helpful Field 
Application Engineers. 

And our complement of powerful, easy- 
to-use design tools. 


MAX+Plus ToolKit. 

The heavenly diagram at left gives you a 
picture of the most exciting PLD design 
environment — the MAX +Plus™ ToolKit 
for our CY7C340 MAX PLDs. 

Asophisticated 
Computer-Aided 
Design system that 
puts all the tools you 
need for design 
entry, simulation, 
and programming 
onto the affordable AT™-class platform. 

Input schematics, truth tables, state 
machine, and Boolean variables, or any 
mix. Get automatic synthesis, with your 
design matched to the right size device. 

Verify with a sophisticated, easy-to-use 
timing simulator and waveform editor. 

Program right on your PC, using our 
QuickPro II™-MAX programmer. Or use 
other industry-standard programming 
systems. 


PLD ToolKit. 

You get the ability to assemble source 
files, interactively perform logic simula- 
tion, and produce JEDEC standard output 
files —all on any AT-class system. You get 
syntax to provide control over program- 
mable Macrocells, in all possible configura- 
tions. You get constructs for configuring 
product terms for any Macrocell. And you 
get sophisticated analysis, with multiple 
waveforms, multiple views, and multiple 
segment simulation. Used worldwide by 
over 5,000 high performance designers to 
create faster logic, faster. 
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QuickPro II Programmer. 

Our advanced, fully compatible JEDEC 
programmer for any AT-class machine 
gives you the ability to program virtually 
any Cypress PROM and PLD. 


And here’s some 
very fast reading. 


— CMOS High Speed SRAMs. 

— CMOS High Speed PROMs. 

<1 CMOS High Speed PLDs. 

2 CMOS High Speed FIFOs. 

— CMOS High Speed RISC. 

— BiCMOS Ultra High Speed ECL RAM. 
— Bipolar ECL PLDs. 

— Multichip SRAM Modules. 

3 PLD Programming Tools. 

— Military Products. 


The C ‘alee Semiconductor 
Data Book. BOOKS; 
Data Book Hotline: 


1-800-952-6300 
Ask for Dept. C400 


1-800-387-7599 In Canada. (32)2-672- ctie! ae rope. 
989 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134 
Phone: (408)943-2666, Tele x 821032 CYPRESS. SNIUD, "TWX9I0 997-0753. 


; Qui ckPro wes a trademark of Cypress Semic n. MAX and MAX+Plus 
= ee ra Corin AT isa stra a "kof IBM Cofpora tion. 


Who drives 

Power Mosiets faster, 
at lower power, 

for less? 


The General does. 


Ideal for switching power supplies and motor control. 

The SG1626/SG3626 is a dual inverting driver 
ideally suited to drive power MOSFETs and other appli- 
cations calling for the conversion of digital input signals 
to high speed outputs to drive large capacitive loads. A 
non-inverting version, the SG1644/3644, is also available. 

These devices use high voltage schottky logic to 
convert TTL signals to high speed outputs up to 18 
volts. Totem pole outputs have 3.0 amperes peak current 
capability so they can drive 2500 picofarad loads in less 
than 40 nanoseconds. 


Pin for pin compatible. 

The SG1626 is pin for pin compatible with 
National’s DS0026, Motorola’s MMH0026, Teledyne’s 
TSC426 and Intersil’s ICL7667. 


Call us for samples and data. 

Several packages are available including 8 pin 
plastic, cerdip, ceramic, TO-99, TO-66 and 16 pin 
batwing. Best temperature range is -55°C to 125°C. 
Other parts operate from -25° C to 85° C and 0° C 

eg Oe 


Silicon General’s new line of dual high speed to : 2 
drivers do the job of driving power MOSFETS better _ To arrange shipment of sample quantities and/or 
than anything else on the market today. receive full technical information, please address Silicon 
Against 3 out of 4 competitors, the new SG1626/ General, Inc., Semiconductor Group, 11861 Western 
SG3626 operates 1.5 to 3 times faster, Avenue, Garden Grove, California 92641. Telephone 
Versus the long time industry standard, the (714) 898-8121. TWX: 910-596-1804. FAX (714) 893-2570. 
ee dissipates only half the power at similar SaESeaenenene 
switching times. 
Compared to another competitor, the SG1626 heyy | | COIN 
( 50 percent =e on 2 aa parameters, ae ee 
turn-on-delay) and TTHL (turn-off fall time). Fe A 
Our prices are low. It’s more than a tad unlikely GENERAL 


anyone will beat them. 
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6801/6301 /68HC11 


AVAILABILITY: Now. 

COST: From less than $3 to $20 (1k). 

SECOND SOURCE: SGS Thomson and Toshiba. Toshiba is a second 
source for the 68HC11 devices. 


Description: 6801 is large, expandable, single-chip version of the 
6800, with enhancements that include 10 more instructions, serial |/O, 
8 x 8-bit multiplication, and a multifunction 16-bit timer. 6301 is slightly 
enhanced CMOS version; 68HC11 is further enhanced in static CMOS. 
68HC11 has a second 16-bit-wide register; an 8-function timer; a 2- 
function pulse accumulator; an enhanced UART (SCI); a 1-MHz serial 
shifter; an 8-channel, 8-bit A/D converter; and a 512-byte EEPROM. 


HARDWARE 
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ADDRESS BUS (13 16 BITS) 


Lat an 
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Ee Tro DATA CONTROL 
ADDR BUS BUS BUS 
MEMORY 
INTERNAL TIMER 
ae adie BUS EVENT | EXT 
PART | DESCRIPTION |ROM|RAM|EXT| SPEED ISER| CTR |INTS| PINS 
6801 | EXPANDABLE | 2k | 128 | 64k | 0.5M-2.0M| 29 | 3 | 3x16 | 2 | 40 
1-CHIP pC 
68701 EPROM 2k 128 | 64k | 0.5M-2.0M | 29 3 3x 16 2 40 
VERSION 
OF 6801 
6803 ROMLESS | — | 128 |64k/05M-20M] 13] 3 | 3x16] 2 | 40 
6801 
68HC11| CMOSWITH | 8k | 256|64k| 0-21M | 28 | 6 | 4x16] 2 | 48 
UART, SPI, (DIP) 
SERIAL, 8-BIT | (ALSO 512 32 52 
AID EEPROM) (QUAD) 


From Motorola: Software can be obtained free for downloading over 
phone lines by calling (512) 440-3733. C compiler to run on Unix System 
V for 68HC11. For least expensive approach, use 6801 parts with 
LiLbug monitor in on-chip ROM (MC6801L1). 

From others: Cross macroassemblers and linking loaders, some relo- 
catable, to run on popular minis and personal computers. For example, 
C compiler from Archimedes (San Francisco, CA) to run on IBM PC 
($995) and DEC VAX ($3995 to $5995). 


SUPPORT 


8-BIT NMOS AND CMOS 


Motorola Microprocessor Products Group 
6501 William Cannon Dr W 

Austin, TX 78735 

Phone (512) 440-2000 


For more information, Circle No. 725 


Status: This family has been well received. Motorola is now following 
migration of customers to more powerful single-chip devices and is 
concentrating on the 68HC11 enhancement of the 6801, such as in- 
creased on-chip EEPROM. During early 1990, Motorola will offer the 
68HC711D3 with 4k bytes of EPROM in a one-time programmable 
package. 


———— CHARACTERISTICS ————— SOFTWARE 


i—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic. 

Instructions to take advantage of two accumulators, including 8 x 8-bit 
multiply. 68HC11 has additional 16-bit operations, integer and fractional 
divides, and bit manipulation. 

ll—DATA-MOVEMENT INSTRUCTIONS 

Can reach the first 256 locations of memory with short instructions. 
Can list-process efficiently with the index register (two on 68HC11) and 
can add accumulator to index register within a 64k-byte range. 
Relative addressing allows data relocation. 

Has 16-bit load and store. 

lli—_PROGRAM-MANIPULATION INSTRUCTIONS 

Has PDP-11 branches and conditional branches. Has unlimited subrou- 
tine nesting via stack pointer, addressing LIFO stacks in RAM. 

Eight levels of prioritized, vectored interrupts (21 on 68HC11). 
iV—PROGRAM-STATUS-MANIP INSTRUCTIONS 

Instructions for storing status register or transferring to or from accumu- 
lator. 68HC11 has additional active bits related to stop mode. 
V—POWER-SAVING INSTRUCTIONS 

6301 has sleep instruction. 68HC11 has Stop and Wait instructions 
similar to 146805 but with disabling provision via a bit in status register. 


Hardware notes: 

1. Diagram is for 6801. See table for other family members. 

2. Motorola is providing OTP versions of some HC11 family members, 
which have EPROM program memories in inexpensive windowless 
packages for one-time programming in moderate-volume production 
(to 10k). 

3. Motorola’s 68HC11 is a much enhanced 6801. 68HC11A8 has a 
512-byte EEPROM; 68HC811E2 has a 2k-byte EEPROM. 


Software notes: 

1. 6801 has all 6800 »P instructions plus 10 new ones to handle addi- 
tional resources such as advanced serial I/O ports and timers. 

2. 68HC11 has enhanced 6801 instruction set with 88 additional op 
codes. 


Specification summary: Expandable single-chip ~C with common- 
memory architecture in which all instructions, data, !/O, control, and 
data registers share the same memory space. This scheme allows |/O 
to be handled like memory with all instructions applying. Instruction 
set is upwardly compatible with 6800, with 10 additional instructions 
for 6801 and 88 new op codes for 68HC11. The ROM, RAM, and 1/O 
resources for 6801 and 68HC11 families are detailed in table. Internal 
bus speed to 2 MHz for 6801 and from dc (asleep) to 2.1 MHz for 
68HC11. The 6801 is fabricated in NMOS, the 6301 is fabricated in 
CMOS, and the Motorola 68HC11 is fabricated in static CMOS to allow 
dormant, micropower ‘‘asleep’’ state. 6801 in 40-pin DIP, 6301 in 64-pin 
DIP and flatpack, and 68HC11 in 48-pin DIP and 52-pin quad. 


SOFTWARE 


From Motorola: For 6801 family, M68701EVM is evaluation module 
that has port for terminal and port for any RS-232C host and will 
program 68701 EPROM parts. For 68HC11, the similar M68HC11EVM. 
Also M68HC11EVB boards ($168.11) for evaluating single-chip configu- 
ration of HC11s. For both 6801 and 68HC11, HDS-300 software-devel- 
opment station operates independently or interfaced to most any host 
with RS-232C port. 

From others: Third-party hardware development systems, such as 
CT68HC11 ($5000 to $6000) from Ashling Microsystems Ltd (Limerick, 
Ireland). 
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Avantek’s New 2 to 8 
GHz YIG Oscillators... 
as Low as $385.00* 


Reduce your next-generation 
system’s cost, size and weight 
at the same time. Avantek’s 
next-generation YIG oscillators 
cost less, are smaller (0.5 cu. 
in.) and lighter (1.8 oz.) than 
other YIG oscillators available 
today. Ideal for next-generation 
portable equipment and low 
cost instrumentation. Fast 
tuning and phase lockable, 
these miniature YIGs deliver 
unmatched performance and 
unparalleled prices. 


High Performance 
Oscillators... 
Designed for Low Cost 


Avantek’s revolutionary new 
approach to YIG oscillator 
design and manufacturing gives 
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you the competitive edge... 
can help create new product 
lines...and open up new 
market opportunities. These 
compact, low-cost YIG oscilla- 
tors offer real performance 
improvements. Typical tuning 
speed is an ultra-fast 10 ms 
(to within 5 MHz of final fre- 
quency). They operate with 


AV-7028 2.0 to 8.0 GHz 

Miniature YIG Oscillator 
Tuning Speed 

Hien 


NNT setina tins and sop 
NS Trio a sen 
Feta sey | 

Cot 
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100 200 


4 
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Final Frequency Deviation, MHz 


iad mSec, 


single input bias voltage ...and, 
require no heater power. Two 
low-cost high-performance mini- 
ature YIG oscillators cover the 
2.0 to 8.0 GHz frequency range. 


AV-7036 covers the 3.0 to 6.0 
GHz range. AV-7028 provides 2.0 
to 8.0 GHz frequency coverage. 
For both models, phase noise 
is typically —100 dBc/Hz at 20 
kHz offset from carrier. And, 
power output is +13 dBm. 


Off-the-Shelf Delivery 
from Your Local 
Avantek Distributor... 


These low-cost, high-perfor- 
mance, compact YIG oscillators 
are available now. For the 
name and address of your local 
Avantek distributor or litera- 
ture and applications assis- 
tance, contact us today. 


*Price for each in 1,000 piece 
quantity. 


CIRCLE NO 73 


E’VE REDUCED EVERYTHING 
BUT THE PERFORMANCE 


Avantek Regional Offices 


North America 

Eastern: (301 ) 381-2600 
Central: (708) 358-8963 
Western: (805) 373-3870 
Europe: re 276-685753 
Asia: (01) (408) 943-5484 
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6500/1, 65C124, 50740, 37700 


AVAILABILITY: Now for all NUOS and most 8-bit CMOS parts. 
COST: Prices range from $2 to $20 according to complexity of part 
and volume. Volume-leader Mitsubushi’s prices range from $3 to $30. 
SECOND SOURCE: NCR (licensed) and California Micro Devices for 
Rockwell NMOS parts. Western Design Center (WDC) has licensed a 
number of suppliers worldwide for its CMOS designs. 

CORE: Standard megacell in libraries of NCR, Mitsubishi, WOC, SMC, 
and several others. Widely used because of compact 6502 die size. 


Description: There are three different sources for single-chip versions 
of 6502 uP: the original 6500/1 NMOS family from Rockwell, the new 
65C124 and -134 CMOS family from WDC, and the 50740 CMOS family 
from Mitsubishi. Most parts are 100% software compatible with 6502, 
although in some cases enhanced instructions such as bit manipulation 
have been added. Because of small die size of 6502 core, many of 
these parts take a standard-cell ASIC approach. Vendors claim these 
1-chip sets have a speed advantage over competing single-chip devices 
due to 6502’s 2-cycle bus and pipelining. 


Status: Mitsubishi's 50740 Series is a top volume leader among 8-bit 
Cs, along with the 8048/49, 6805/6801, and 8051 uC families. Mitsub- 
ishi’s explanation for the part’s market share is that the 50740 is used 
in Japanese consumer products. According to Mitsubishi, you will find 
standard or custom 50740s if you open products from Hitachi, JVC, 
Sanyo, or Minolta. 
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ACCESSING 
EXTERNAL 
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64 - PIN 
PKG 


FOUR 8-BIT BIDIRECTIONAL 1/O PORTS DOUBLE AS 
(ADDRESSED IN PAGE 0 MEMORY, ABOVE INTERRUPTS 
ON-CHIP RAM) 


Hardware notes: 

1. Diagram favors initial Rockwell 6500/1 version. There are dozens 
of versions from various sources, most of which are more complex. 

2. Mitsubishi 740 Series parts are all CMOS and have as many as 16k 
bytes of ROM and 512 bytes of RAM. Some models have special 
functions such as UARTs, 8-bit A/D converters, LCD drivers, or high- 
voltage (— 35V) outputs. Some have 56 pins of |/O. 

3. Mitsubishi's new CMOS M37700 version has an 8-bit external data 
bus but will be 16 bits internally, much like the 68C816 version of the 
6502 wP. On chip it can have as many as 32k bytes of ROM, 2k bytes 
of RAM, eight 16-bit timers, two UARTs, one watchdog timer, and an 
8-channel 8-bit ADC. It is expandable to 16M bytes off chip. 

4. WDC’s first part, 65C124, has been joined by 65C134—a 6502 core 
w.P—which includes a LAN connection. 


HARDWARE 


From Rockwell: Emulator part, the 64-pin 6500/1E ($75), is used in 
R6500/1 personality card ($995), which plugs into LCE System ($1250). 
Backpack part will be ROMless 40-pin R6500/1EAB ($42), into which 
industry-standard EPROMs can be plugged. 

From Mitsubishi: Debugging machine PC4000E ($1000) with in-cir- 
cuit-emulator (ICE) cards for each device model ($750 to $1500). 
From WDC: Toolbox Design System ICE for W65C124 runs on an 
Apple IIGS host and can communicate with an IBM PC via a serial 
port ($4995). 
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SUPPORT 


8-BIT (AND 16-BIT) NMOS AND 


CMOS 


Rockwell International 
Semiconductor Products Div 
4311 Jamboree Rd 

Newport Beach, CA 92658 
Phone (714) 833-4600 


For more information, Circle No. 726 
Mitsubishi Electronics America Inc 
1050 E Arques Ave 

Sunnyvale, CA 94086 

Phone (408) 730-5900 


For more information, Circle No. 727 
Western Design Center Inc 

2166 E Brown Rd 

Mesa, AZ 85203 

Phone (602) 962-4545 


For more information, Circle No. 728 


———— CHARACTERISTICS ————\ SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logical. Decimal mode via control bit in status register. 
Can operate on locations in memory space, which can be either RAM 
or 1/O ports. 

Bit-manipulation enhancement on some models allows bit set and reset 
and branching on bit set or reset. 

li—DATA-MOVEMENT INSTRUCTIONS 

True indexed addressing, though index offset limited to eight bits in 
two CPU registers—X and Y. Short-form addressing to zero page. Has 
two sophisticated indirect-indexed and indexed-indirect instructions for 
handling tables. 

lli—-PROGRAM-MANIPULATION INSTRUCTIONS 

Conditional branches with signed relative addresses. 

Nonmaskable and/or maskable interrupt, depending on model. 
IiV—PROGRAM-STATUS-MANIP INSTRUCTIONS 

Push and pull status register from memory stack. Set and clear carry, 
decimal mode, and interrupt bits. 


Software notes: 

1. 6500/1 instruction set is 100% identical to that of previous 650X 
family devices such as 6502, with exception of bit-manipulation instruc- 
tions for some devices. No new instructions added to handle new 
on-chip features such as timers and |/O because they are handled as 
if in external memory space. 

2. Mitsubishi chips have some added instructions. 


Specification summary: Single-chip nonexpandable and expand- 
able versions of 650X family. Have 2k- to 16k-byte ROM, 64- to 512-byte 
RAM, as many as 52 I/O lines, and one or more 16-bit programmable 
interval timers, as well as two or more programmable interrupts (plus 
the 650X’s NMI interrupt). Family options (Rockwell) include RS-232C 
port and bus expansion. Operates from 5V, 500 mW, and has separate 
5V supply to keep 64 static bytes of RAM alive (50 mW required). Wide 
variety of package types and sizes from various suppliers ranging to 
80-pin flatpack and 84-pin PLCC from Mitsubishi. Full MIL-SPEC tem- 
perature-range devices from WDC. 


SOFTWARE 


From Rockwell: Because the 6500/1 emulator runs on LCE system 
and Aim-65 (Dynatem, Irvine, CA), you can use existing 6502 program- 
development software. A debug monitor is available for all 6500/1 and 
6500/11 devices, and the macroassembler supports enhancement in- 
structions. Cross software available. 

From Mitsubishi: Cross software for MS-DOS. (Has plans for a C 
compiler and Forth interpreter.) 

From WDC: Many software packages available from third parties for 
the W65C02/W65C816 wPs. 
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folate stepsartarneers 


Trap tricky hardware and software bugs, 


. . - precisely. 


Powerful debug commands arent 

worth much if they’re too difficult to 

use. We've designed the SA98 to 

trap bugs based on simple, well 

defined, and detailed commands. 
Quick Change Artistry 


No more running up and down com- 


mand trees to change or modify an 
emulator condition. Change com- 


mands without stopping the emulator. 


Define in-depth breakpoints. Call up 
help menus and files as you need 
them. And you can go from 8- to 
32-bit microprocessors quickly. 

You Set the Rules 
Define your own soft keys and 
macro commands. With the PC/AT 
or XT function keys configured for 
emulation functions, you can type in 
and modify commands directly. 


Powerful Commands 
The SA98 command structure is so 
powerful and precise, comparing it 
to other systems is tough on them. 
Let the power of the SA98 trap your 
toughest problems and break out of 
conventional traps. 

More Than Expected 
Call for a demonstration, and see 
how good a trap it really is. Youll 
see fast, well defined solutions. 


Dedicated to MDS/ICE Support 


European Headquarters: 
Sophia Computer Systems, Ltd. 
Alpha House 
London Road, Bracknell 
Berkshire RG12 2TJ, England 

Tel: 0344-862404 

Fax: 0344-861374 


United States: Tel: 408-733-1571 
Telex: 853394 © 


ee Tel: m4 43 8045 : 
Sweden: Tel: 08-754 93 00 
Italy: Tel: 11-746769 


Corporate Headquarters: 
Sophia Systems Co., Ltd. 
NS Bldg 8F 

2-4-1 Nishishinjuku, ae 

Tokyo 163 Japan 2 

©1988 Sophia Systems 

Sophia Systems is a registered trademark of 
Sophia Systems Co., Ltd. 
ICE is a registered trademark of Intel Corporation. 
MDS is a registered trademark of 
Mohawk Data Science Corporation. 
IBM PC/AT and XT are registered trademarks 
of International Business Machines Corporation. 
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28, SUPERS 8-BIT NMOS AND CMOS 


AVAILABILITY: Now for 2k-byte, 4k-byte, and ROMless parts at 8 
to 12 MHz and Super8. Sharp and Zilog have CMOS now. SGS Thom- 
son has 4k-byte EPROM and 8k-byte ROM. 

COST: Less than $3.50 for NMOS Z8 in volume. $3.60 for NMOS 
Supers in volume. (28-pin version for $1.) Less than $5 for CMOS Z8. 
SECOND SOURCE: SGS Thomson (licensed); Sharp for both NUOS 
and CMOS; Catalyst for EPROM version; VLSI Technology for CMOS. 
CORE: From Zilog and VLSI Technology. SGS Thomson's ST9 core 
is based on Super8 architecture. 


Description: Z8 is a single-chip ~C that is a composite of many 
machines. It has powerful features that can’t necessarily be used simul- 
taneously, a common problem with single-chip units—particularly the 
expandable ones. Not really compatible with supplier's Z80 or Z8000 
because architecture is so different; closest to Z8000. However, slave 
Z8 versions interface to Z80 and Z8000 buses. Super8 version has 
more of everything: more data and program memory, more on-chip 
peripherals, more instructions. 


HARDWARE 
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4) TIMER IN/OUT 

5) STATUS OUT 

6) PROG/DATA SELECT 


Ee EXIT PROG io 


MEMORY 
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CONTROL BUS 
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EXTRA DATA 
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TO 64k 
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8+ 8 = 16 


Hardware notes: 

1. Diagram applies to basic 2k-byte version. Many other versions exist. 
2. The 124 working registers (272 on Super8) are truly general purpose. 
Any one can be used as accumulator or indexer. 

3. The register pointer singles out a ‘‘workspace’”’ of 16 working regis- 
ters for fast access. Eight such workspaces are possible in the 124- 
register space (16 in Super8) and provide mechanism for fast context 
switching upon interrupt. 

4. SGS has not announced any CMOS Z8s. Instead it has introduced 
an S9 ASIC core in 1.5-4m CMOS. According to SGS, this core will 
reach 12 MHz (24-MHz external clock) and be priced at $4 to $10 in 
volume. 


HARDWARE 


Development packages are available from JK Engineering (Singapore, 
65-744-8414). In the US, IAM (Sacramento, CA) distributes JK Engineer- 
ing’s products. Development packages in various configurations are 
also available from Zilog Inc (Campbell, CA) and Inner Access (Belmont, 
CA). Emulation packages are available from Orion Instruments (Red- 
wood City, CA), Microtek (Beaverton, OR), Creative Technology (At- 
lanta, GA), and Sophia Systems (Santa Clara, CA). This list isn’t exhaus- 
tive. 
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SUPPORT 


Zilog Inc 

210 Hacienda Ave 
Campbell, CA 95008 
Phone (408) 370-8000 


For more information, Circle No. 729 


Status: According to Zilog, Z8 volume is still growing and Z8 has had 
several hundred design wins (many in Far East); some of these design 
wins are now going into production. Meanwhile, second-source SGS 
Thomson has turned its CMOS efforts to its ST9, a proprietary enhance- 
ment of the Super8, which SGS Thomson uses for an ASIC building 
block. 


——— CHARACTERISTICS ———— SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Add, add with carry, decimal adjust, increment byte and word, decre- 
ment byte and word, subtract, and subtract with borrow. 

Multiply and divide added to Super8 version. 

Logicals: AND, compare, complement, OR, and exclusive OR. 

Rotates and swaps. 

Bit manipulation: test under mask, test complement under mask, and 
logical tests of bits. 

li—DATA-MOVEMENT INSTRUCTIONS 

Address modes: immediate, register, register pair, indirect register, indi- 
rect register pair, direct, indexed, and relative. 

Block transfer: load constant autoincrement, load external autoincre- 
ment. 

Load: clear, load, load constant, load external, and pop and push. 
lll—PROGRAM-MANIPULATION INSTRUCTIONS 

Call, decrement-and-jump on nonzero, interrupt return, jump condi- 
tional, jump relative conditional, and return. 
IV—PROGRAM-STATUS-MANIP INSTRUCTIONS 

Set, reset, and complement of carry flag. 

Note: Ability to set, reset, and test any bit or combinations of as many 
as eight bits lets any byte function as a user flag register. 


Specification summary: Unique architecture with three memory 
spaces: program memory (0, 2k, 4k, or 8k bytes in internal masked 
ROM; rest to 64k bytes can be external), data memory (to 64k bytes 
external), and CPU register file (256-byte space that includes 124 gen- 
eral-purpose working register/accumulators). Executes 129 instructions 
at 0.6 to 3.0 psec at 8-MHz internal clock (16-MHz oscillator). Has 
built-in duplex UART (96k bps) and two 8-bit timers, each with 6-bit 
prescaler. Housed in 40-pin DIP; 28-pin economy versions planned. 
New enhanced Super8 has 352 bytes of on-chip data and control regis- 
ters, 256 of which are general purpose. Initially it will be a ROMless 
part, but as much as 16k bytes of on-chip program ROM are expected. 
New multiply and divide instructions on Super8. Its on-chip peripheral 
functions include DMA, two 16-bit timer/counters, maximum of 40 1/O 
lines, full-duplex UART, and optional synchronous/asynchronous serial 
channel. Has 600-nsec interrupt response with 37 interrupt sources. 
Available in 48- and 44-pin packages. 


Software notes: 

1. The data- and program-manipulation instructions use the working 
registers in the CPU. The instructions that apply to the external data 
RAM are essentially just loads and stores. (There is a similarity to RISC 
philosophy.) 


SOFTWARE 


Software development tools are available from Allen Ashley (Pasadena, 
CA), Avocet (Rockport, ME), Relational Memory Systems (San Jose, 
CA), and Western Wares (Norwood, CO). You can purchase compiler 
software from Micro Computer Compilers (Hopewell, NJ), 2500 AD 
(Buena Vista, CA), and Inner Access (Belmont, CA). This list isn’t ex- 
haustive. 


EDN November 23, 1989 


For those who need large 
servings of 256K SRAMs, the 
selection until now has been some- 
what limited. The new INMOS 256K 
SRAM range extends the menu. 

The IMS1820 64K x 4 device Is 
available now with an access 
time of 30ns. From Q1 1990 
25ns devices will also be avail- 
able along with the IMS1800, our 256K x | 
SRAM. Due to investment in new production 
facilities INMOS is able to supply these devices in 
quantities to support even the most demanding 


‘ yf SGS-THOMSON INMOS is a member of the SGS-THOMSON Microelectronics Grou 


Tel: (02) 892 131 - USA Tel: (602) 867-6259 - Singapore Tel: (65) 482 14 11 


MICROELECTRONICS Germany Tel: (089) 46 00 60 - U.K. Tel: (0628) 890 800 : Italy 
EDN November 28, 1989 


A NEW 256K 
FAST SRAM 

IS NO 
ON THE MENU. 


requirement, and at competitive 

prices. Just what you'd expect 
from the largest fast SRAM supplier 
outside Japan. * These 256K devices 
join our extensive range of 4K, 16K and 
64K fast SRAMs, all of which are avail- 
able in commercial and military 
(MIL-STD-883C) versions and 
manufactured to the highest 
standards by Europe’s leading SRAM manufacturer. 
For a copy of our Memory Databook or, of course, 
a quote, contact your local SGS-THOMSON Micro- 
electronics/INMOS office. 


p SGS-THOMSON Microelectronics Inc., France Tel: (1) 47-40 7575 


CIRCLE NO 61 


*Source: Dataquest 


- Japan Tel: (03) 280 4125 
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7000 FAMILY 


AVAILABILITY: Now. 

COST: TI pricing: $1.60 to $3.50 (100k) for standard CMOS masked- 
ROM versions. 

SECOND SOURCE: Microchip Technology and Seeq for NMOS ver- 
sions only. Note that each supplier is extending the family in different 
directions, so direct second sourcing is limited. 


Description: Software-compatible family of NUOS and CMOS 8-bit, 
expandable single-chip Cs. Architecture laid out on chip so that new 
product variations in memory size and |/O are easier to accomplish. A 
full-duplex UART, enhanced timers, and interrupts are incorporated in 
high-end family members (70C42). Instructions typically perform com- 
bined load, operation, and store functions, thereby increasing overall 
system performance and code efficiency. 


HARDWARE 
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Hardware note: 

Supplier uses a ‘‘strip-chip’’ architecture to keep registers and control 
elements in isolated, self-contained modules in silicon, then it uses a 
single layer of metal to interconnect chip. This approach is similar to 
the cell-library, semicustom approach and useful for the same reason. 
Changes can be made easily, which helps TI bring out new models or 
give large customers special variants. 


POWER 


ROM | RAM | CLOCK REQUIRED 


INTERRUPT 
LEVELS 


MODEL 


(BYTES) 


70C00 
70C20 
70CT20 
70040 
70CT40 
70C02 
70C42 


HARDWARE 


From TI: XDS development system ($5900). It provides in-circuit emu- 
lation, target-system debug (with breakpoints and logic-state trace), 
and RS-232C link to host computer or terminal. EVM evaluation board 
($795) provides in-circuit emulation, programs SE77C42 and EPROMs, 
and has serial interface to standard terminals. Piggyback devices ac- 
cept 27C64 and 27C128 EPROMs. SE70CP160 CMOS piggyback de- 
vice supports prototyping for 70C20, 70CT20, 70CT40, and 70C40 uCs. 
SE70CP162 CMOS piggybacking device and SE77C42 support proto- 
typing for 70C42. 
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————— CHARACTERISTICS 


SUPPORT 


8-BIT CMOS 


Texas Instruments Inc 

Microprocessor and Microcontroller Products Div 
Box 809066 

Dallas, TX 75380 

Phone (800) 232-3200 


For more information, Circle No. 733 


Status: Primary supplier Tl has switched its emphasis to CMOS mod- 
els with expanded features. Low-end devices (70CT20/40) offer an 
alternative for designers who are using 4-bit uPs but seek a low-cost 
8-bit alternative. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, 8 x 8-bit multiply, and BCD. 

Logicals, increment, and decrement. 

Rotates right and left. Bit test. 

li—DATA-MOVEMENT INSTRUCTIONS 

Dual-operand moves avoid time wasted going through accumulator. 
Apply to many instructions. 

Indexing via B register. 

16-bit moves. 

lli—PROGRAM-MANIPULATION INSTR 

Call and return. 

Bit test and jump on both |/O and memory. 

Conditonal jumps using PC-relative addressing. 
iV—PROGRAM-STATUS-MANIP INSTR 

Status register contains carry, sign, zero, and interrupt enable. Instruc- 
tions to change carry and interrupt enable. 


Specification summary: Unified-memory architecture in which ap- 
plication-program ROM (in EPROM), working registers, I/O registers, 
and some control registers all share common memory space of 64k 
bytes (except Tl 7OCTXX models). Low-end family members have 8-bit 
timer with capture latch and 5-bit prescale; interrupt; 128 and 256 bytes 
of RAM; and 2k or 4k bytes of ROM. High-end 70C42 includes two 
16-bit timers (one with capture latch), which are cascadable to 26 bits: 
a UART with an 8-bit timer for baud-rate generation (or usable as a 
third timer); programmable interrupts; 256 bytes of RAM; and 4k bytes 
of ROM. High-performance model operates to 6 MHz with basic micro- 
instruction cycle taking 333 nsec. Most instructions take 5 to 9 cycles. 
Miminum instruction time is 1.25 wsec, which includes load, logic or 
arithmetic operations, and store. I/O to 32 pins with some models, 
including special functions such as UARTs and ADCs. NMOS and 
NMOS-EPROM devices require 5V supplies; CMOS operates over 2.5 
to 6V Vcc and includes power-down modes. Available in 28- and 40-pin 
DIPs and 28- and 44-pin PLCCs. 


SOFTWARE 


From Ti: Cross-assembler and linker to run on MS-DOS-based PC 
that may serve as host for XDS. DEC VAX VMS assembler/linker sup- 
port is also available. 

From Cybernetic Micro Systems (San Gregoria, CA): Assembler, 
simulator, and debugger to run on IBM PC. 

From Allen Ashley (Pasadena, CA): Cross-assemblers and emulators 
to run on IBM PC. 

Literature: T| 7000 family data manual with applications. 
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retailers only. ©1989 Hewlett-Packard Company PG12906 
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Offer available at 


: It’s our gift to you with every 
(aoe HP 28S advanced scientific cal- 
2 | culator you buy between now 

: and December 31, 1989. 


Ase | ae nines you zie one to yourself 
IAITCe TAY or a good friend, you re giving 
yourself ora friend the best. The HP 28S is in a class 

by itself. It’s the only scientific 

calculator that handles symbolic 

calculus and algebra as easily as 

four-function math. Using 

either RPN or algebraic 
entry systems. 


The unique HP Solve 
function lets you key 
in your own formulas, 
then solve for any 
variable. There are 
menus to lead you 
3 | | i quickly and easily 
— Sid ies | i _ § to your solution. 
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year to date, this is the time 
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There is a better way. 


HEWLETT 
PACKARD 


CIRCLE NO 62 
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8085AH/80C85 


AVAILABILITY: Now. 

COST: Prices for these older multisourced parts have dropped to $1 
and below, with prices as low as $0.65 for volume purchases. CMOS 
parts, especially faster ones, are more expensive. Radiation-hardened 
CMOS parts are very expensive ($300 to $800). 

SECOND SOURCE: 8085: NEC, Toshiba, Mitsubishi, Siemens, and 
AMD. 80C85: Oki and Newbridge Microsystems (Calmos) active with 
Harris supplying nuclear-radiation-hardened CMOS to military and aero- 
space customers. 


Description: Based on the older 8080 pP, this family has proven a 
good general-purpose, midrange wP, though not the most efficient one 
for small programs. 8085 executes 8080 instructions, but with simpler 
hardware. Z80 (see elsewhere in this directory) is an enhanced 8080 
but has different package pinouts and bus operation. New 8086 (see 
elsewhere in this directory) is only vaguely software compatible, but 
8-bit-bus 8088 version of 8086 can interface to 8080 and 8085 peripher- 
als. 


HARDWARE 
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Hardware Note: 

The 8085 differs from the 8080 in that the 8085 has on-chip clock, 
needs only a 5V supply, and has relaxed memory-access time. But 
because it multiplexes lower eight bits of address on data bus, it’s not 
pin compatible with 8080. New pins gained by multiplexing implement 
address-latch strobe, four additional interrupts, and two serial-I/O lines. 
For small ‘‘few-chip’” P systems, a designer can use 8155/56 and 
8355/8755 combo chips with built-in address latches. 


HARDWARE 


Most of the vendors of third-party ~P development systems have in- 
cluded 8080/8085 development components as a routine part of their 
catalogs. Typically, these systems use IBM PCs as host. 
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——— CHARACTERISTICS ———— SOFTWARE 


SUPPORT 


8-BIT NMOS AND CMOS 


Intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
Phone (408) 987-8080 


For more information, Circle No. 734 


Status: The venerable 8080—the uP that gave legitimacy to the uP 
revolution—is obsolete. Sales of the 8085 are also falling off, according 
to Dataquest figures. 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic. 

BCD arithmetic. 

Double-precision operations (instructions string two data bytes together 
as 16-bit word). 

ll—DATA-MOVEMENT INSTRUCTIONS 

Uses three pairs of so-called general-purpose registers as pointers in 
CPU RAM bank to address low- and high-order bits of 16-bit memory 
address. Can perform multiple indexing with these, but takes additional 
steps compared with classical index-register concept. 8085 has two 
additional instructions—RIM and SiM—that interface with new serial- 
\/O pins and interrupt system. 

lll—-PROGRAM-MANIPULATION INSTR 

Uses stack pointer to create LIFO stacks in external RAM for unlimited 
subroutine nesting. 

All GP registers can be incremented and decremented. 
Multiple-interrupt capability. 

Bus controls allow addition of DMA. 
iV—PROGRAM-STATUS-MANIP INSTR 

Software access to status register. 


Specification summary: Common instruction and data architecture 
(64k bytes) with optionally separate |/O space (256 addresses). Three 
16-bit pointer registers allow efficient addressing of 64k-byte main- 
memory space. 78 basic instructions with 2-ysec (typ) register-to-accu- 
mulator addition-execute time. 8085A has on-chip clock and needs 
only 5V. 5-MHz and CMOS versions of the 8085A available. The New- 
bridge Microsystems (Calmos) version officially supports the extended 
8085 instructions set. 


SOFTWARE 


Most of the many companies that supply 8080/8085 development sys- 
tems also supply the software. Also, many software houses have 8080/ 
8085 software in every conceivable category. 
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rCAD Answers Your Questions About 


Q: Why simulate? 


A: To save time. 


The ideal development cycle is schematic to prototype to 
production. Simulation dramatically decreases the 
dreaded loop of schematic to prototype to schematic to 


prototype to schematic to... 


A: To save money. 


If your design goes through several iterations, is the 
documentation still accurate? Suddenly your time and 
budget are being spent on laying in patches, not producing. 


A: To make you look good. 


Your schematic is supposed to be the best answer to 
someone else’s design problem. Think of how great you ll 


Multiple 7 Outdated 
glitches documentation | 


Oops, 


a bad 
prototype 


DESIGN PROCESS 


You need a digital simulator that helps 
you find timing violations and design 
anomalies before you spend time and 
money on prototypes. The result: fewer 
iterations, a shorter design cycle, a more 
reliable product and getting the project 


right. 


look when you present a solution with no glitches, timing 


simulator 


A: OrCAD/VST offers unsurpassed 
performance on a PC. Independent 
benchmark tests have hailed OrCAD ’s 
logic simulator as superior to other simula- 
tors costing 20 times as much. 


Why OrCAD/VST? ¢ Event driven, 12-state functional 
* 16,000+ events/sec. on an 8 MHz AT 


violations or other problems. 


Verification of your design doesn’t have to be handled at 
the prototype stage (or worse yet, the production stage). 


88391 


If you would like more 


nformation about this or any 


other OrCAD product, 
contact your local OrCAD 
representative. 


A: OrCAD/VST enables you to interac- 
tively verify your design as it develops. A 
netlist from OrCAD’s powerful Schematic 
Design Tools is all that’s required to get 
started. 


A: OrCAD/VST features a user interface 
similar to OrCAD/SDT II, including 
easy-to-use menu driven commands and 
powerful keyboard macros. Your 
valuable time is spent designing and 
testing rather than trying to learn a new 
system, 


A: OrCAD/MOD extends OrCAD/VST 
to PLDs. A set of PLD Simulation 
Modeling Tools, Or-CAD/MOD produces 


models of PLDs for OrCAD/VST to use in 


simulation of the larger circuit in which 
the PLD will operate. 


* 65,000+ events/sec. on a 20 MHz 386 


Over 14,000 gate capability without 
additional memory 

Logical analyzer display format (virtual 
screen displays 50 channels) 


« User selectable min. and max. displays 


Includes component models of TTL, 
ECL, CMOS, Memory devices & 
utilities for creating custom models 
OrCAD’s excellent support: 

technical staff, 24 hour BBS, 1 year free 
product updates, and a trained sales and 
support network. 


Call or write today for your Demo Disk 
and brochure. 


OrCAD 


Systems Corporation 


3175 NW Aloclek Drive 
Hillsboro, Oregon 97124 
(503) 690-9881 


AUSTRIA 
Dahms 
Elektronik 
1316 /64030-0 
Fax: 64030-29 


[TALY 
BRM Italiana 
0117/710636 


TEL: 011/771.00.10 
FAX: 011/771,01.98 


BELGIUM 

INEX 

(02) 649.99.91 
Fax:(02)649.27.92 


ITALY 
MicroData 
Systems 
0187/966123 
Fax:0187/988322 


EDN November 28, 1989 


DENMARK/ UK 

NORWAY ARS Micro- FINLAND FRANCE 
NordCAD systems Elektrotel OY ALS Design 

98 17 32 99 (0276) 685005 (358 0)754-3122 (331) 46 04.30.47 


Fax: 98 17 37 41 


SPAIN 
Next-For S.A. 
504 02 01 

Fax: 504 00 69 


Fax:(0276) 61524 Fax: 754-2593 


SWEDEN 

Technology SWITZERLAND 
Partners Logmatic AG 
(468)790 97 75 056/83 38 38 


Fax: (468)16 77 86 Fax: 056/83 38 40 


CIRCLE NO 63 


Fax: 48 25.93.60 


W. GERMANY 
Compware, 
GmbH 

4940/81 80 74 
Fax:4940/81 10 37 


125 


i i 


126 


Z80 


AVAILABILITY: Now for 6-, 8-, and 10-MHz NMOS and CMOS ver- 
sions. 

COST: Because of the many aggressive second sources for this most 
widely used part, NMOS prices have dropped to between $0.80 and 
$1.10; CMOS prices have dropped to between $1.20 and $1.60 in high 
volume. The 10-MHz CMOS part costs $2.50 (100). 

SECOND SOURCE: Sharp, SGS Thomson, NEC, and Toshiba. Sharp, 
SGS Thomson, and Toshiba as well as Zilog have CMOS versions. 
Additional sources mentioned by Zilog are Gold Star, VLSI Technology, 
and Rohm. 

CORE: Both Zilog and Hitachi are considering the Z80 uP as an ASIC 
core in their enhanced versions of this core, the 64180 and the Z280. 


Description: Superset of widely used 8080/85; adds hardware and 
software features. Not pin-for-pin compatible with 8080 or 8085 but 
can use 8080 software and peripherals—although to do so would not 
take full advantage of Z80 and its peripherals, and it might require 
additional logic for interfacing. The Z80 and its peripherals are now 
available in quad flatpacks and all peripherals have been upgraded to 
run at 10 MHz. 


HARDWARE 
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Z80 CPU 


SPECIAL 


Z80 
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CONTROL BUS 
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Hardware notes: 

1. Support chips include peripheral interface, timer, serial communica- 
tions, and DMA. All provide daisy-chained vectored interrupt for CPU 
and are being converted to CMOS. 

2. Several enhancements of Z80 exist or are imminent. All are in CMOS. 
The first is the Hitachi 64180, to which many Z80 designers are convert- 
ing. The second is the supplier’s Z280, which boosts the Z80 into 
minicomputer performance. In addition, the NEC 78XX single-chip de- 
vice is similar. Most are covered elsewhere in this directory. 


HARDWARE 


From Zilog: ‘‘Z-Scan’’ emulator boxes that can be used alone or with 
host computers. Z-Scan-80 provides emulation for the Z80H ($6695). 
From SGS Thomson: UX-8/22 development system based on CP/M 
and available on two 8-in. floppy disks. Package for full-speed in-circuit 
emulation. 

From others: Some of the many third parties that supply Z80 hard- 
ware support are Applied Micro, Boston Systems, Emulogic, Hewlett- 
Packard, Huntsville Microsystems, Nicolet, Orion, Sophia Systems, 
Tektronix, and Zax. Contact Zilog for addresses. 


SUPPORT 


8-BIT NMOS AND CMOS 


Zilog Inc 

210 Hacienda Ave 
Campbell, CA 95008 
Phone (408) 370-8000 


For more information, Circle No. 735 


Status: By far the most successful 8-bit 4P. The Z80 is still being 
used in new designs but may be superseded by the new enhanced 
versions. Of these, the Hitachi 64180 seems to be the most popular, 
but the Zilog Z280 represents the greatest Z80 enhancement. Whatever 
happens, one thing is certain: The Z80’s momentum will probably last 
for the rest of this century, especially in ASIC-core form. 


——— CHARACTERISTICS ———— SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

8-bit arithmetic and logicals. 

16-bit arithmetic BCD add and subtract. 

Nine types of rotate and shift directly on any register or memory loca- 
tion. 

Can set, reset, or test bit in any register or memory location. 
ll—DATA-MOVEMENT INSTRUCTIONS 

8- or 16-bit register or memory loads. 

Two index registers allow indexed addressing. 

Extensive memory-block move/search commands. 
lll—-PROGRAM-MANIPULATION INSTR 

Uses 16-bit stack pointer with LIFO stack with RAM. 

Relative-jump capability. Interrupt capability with three types of se- 
lectable response. 

IV—PROGRAM-STATUS-MANIP INSTR 

Seven flag bits, including arithmetic and overflow, can be stored and 
tested. 


Specification summary: Upwardly compatible with 8080A software 
but adds 50 instructions, some of which are advance block-move and 
block-search macros. Instructions executed in 0.5 to 1.8 usec (1.5 
Sec avg) for 8-MHz Z80 and 1.0 to 5.5 wsec (2 wsec avg) for 4-MHz 
Z80A. 6-, 8-, and 10-MHz versions are also available. User can switch 
between two identical banks of CPU registers for fast response to 
interrupts. NMOS circuitry requires single-phase clock and one 5V sup- 
ply at 60 mA for Z80, 90 mA for Z80A. TTL-compatible |/O and built-in 
automatic-refresh signals for dynamic RAMs. MiL-temperature parts 
available. CMOS version consumes only 15 mA at 4 MHz and less than 
10 A when in power-down (clock-stopped) mode. Housed in 40-pin 
DIP. CMOS versions also available in flatpack and PLCC. 


SOFTWARE 


From Zilog: Software for the various development systems. Macroas- 
sembler with relocatable assembler; linking loader; file-maintenance 
programs; and resident Basic, Cobol, C, Fortran, and PLZ (Zilog-cre- 
ated language that comes in “‘lower’’ level that mixes assembly- and 
system-language statements with a “higher” C language). Z80 has 
cross-software package that runs on DEC VAX or Zilog S8000 under 
Unix. 

From SGS Thomson: Software package for UX-8/22, including de- 
bugger, disassembler, and tracer. 

From others: Software of all sorts, including the venerable CP/M 
Operating system (Digital Research) and the MS/X operating system 
(from Microsoft), which is popular in Japan. Contact Zilog for names 
and addresses of several dozen other vendors. 
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Burr-Brown’s industrial-grade VIPc 
monitors voltages and currents in 
industrial environments, and high speed 
transients for electric power utilities. 


VIPc monitors and controls incubation 
conditions in a hatchery. 


VIPc supervises, 
controls and 
analyzes 
automated 
ultrasonic welding 
operations. 
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ONLY ONE PC PLATFORM 
CAN WEAR ANY HAT. 


The incredible VIPc is much more than a 
powerful industrial-grade AT class machine 
with shock-mounted disk drives, filtered 
forced-air cooling, EGA graphics, keyboard, 
etc. It is an embedded computer with the flex- 
ibility to fit any application, in any location — 
a 19-inch rack, under a factory conveyor or 
on awall. With the removable handle, it even 
serves as a transportable PC workstation. 

Use the versatile VIPc as an intelligent 
instrumentation platform. Up to four data 


VIPc tests automotive transmissions 


acquisition and control boards plug directly aindlailsnensionsiaoniok Sates 
into available expansion slots. An internal from spark plugs, vacuum, fuel flow, 
shielded card cage holds up to 10 Euro-style cca gical: or listens for 


signal-conditioning termination boards. 
Use the VIPc as a hardware prototyping 
tool. Front, rear and top panels can be 
removed and easily customized. Remove 
the internalcardcage andaddother ¢ 
“s._user defined accessories suchas f= 
=». magneticcardreader,custom | 
circuitry — you decide. 
No other computer wears so many 
hats. No other computer cuts cost and 
development time like the revolutionary VIPc. 


Equipped with Burr-Brown's 
smart carrier/DMA board, VIPc 
monitors stress forces on aircraft wings 
and temperatures in turbine engines. 


To get a head start on your appili- 
cation, get our Free 12-page 
VIPc Application Guide. Contact 
Burr-Brown, 1141 W. Grant 
Road, MS 131, Tucson, AZ 85705, 
(602) 746-1111. 


© 1989 Burr-Brown Corporation 5800-9069 
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HD 64180, Z180 


AVAILABILITY: Now for 6-, 8-, and 10-MHz parts. 

COST: For 6-MHz parts, $8 (100) and $7 (1000). 

SECOND SOURCE: Zilog. 

CORE: Hitachi considers basic 64180 a standard cell for building high- 
integration wPs and yCs. 


Description: Enhancement of Z80 with various peripheral functions 
such aS memory management (to reach larger, 1M-byte, memory 
space), two DMA channels, two serial ports, and timers added on 
CMOS CPU chip. Z-suffix versions have total compatibility with Z80- 
family peripherals chips. Hitachi 647180 with on-chip EPROM repre- 
sents first single-chip Z80-type wC. 


HARDWARE 


Z80 CPU 


PIPELINED AND WITH 
ADDITIONAL INSTRUCTIONS 


ASYNC 


EME 


INTERNAL ADDRESS BUS (16 BITS) 


” CHANNEL (2) 
= on 
> S 
a) 
© 
5 3 
& a) 
3 < SERIAL 
ee (- PORT) 


ADDRESS 
BUFFER 


CONTROL DATA 
BUFFER BUFFER 


18—0 7—0 
ADDRESS CONTROL DATA 
BUS BUS BUS 


Hardware notes: 

1. Diagram is for basic 64180 core. Hitachi plans to expand upon this 
core. 

2. The 647180 is single-chip version of 64180 in which 16k bytes of 
EPROM and 512 bytes of RAM have been added along with another 
16-bit timer, 6-channel analog comparator, and 54 |/O pins. It comes 
in windowless plastic 84-pin PLCC and 80-pin flatpack. Because of 
EPROM, Hitachi bills this style ~C as a zero-turn-around-time (ZTAT) 
part, saying it is cost-effective in volumes as great as 5k. 


HARDWARE 


From Hitachi: ASE Adaptive System Emulator ($7000) plus 
H6805M01S, a 256k-byte memory board for use with IBM PC, HP6400, 
or DEC VAX as host. Real-time operation as fast as 8 MHz and real-time 
tracer buffer for 2048 machine cycles. All hardware lines are captured, 
and the trace is automatically disassembled. 

From Others: American Automation AA 572-64180 real-time in-circuit 
emulator for use with the company’s E2-PRO development host. 
Hewlett-Packard and Tektronix offer support on their development sys- 
tems and logic analyzers. 

Contact suppliers for the many other third-party vendors. 
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SUPPORT 


8-BIT CMOS 


Hitachi America Ltd 
Semiconductor and IC Div 
2000 Sierra Point Pkwy 
Brisbane, CA 94005 
Phone (415) 589-8300 


For more information, Circle No. 736 


Status: Another CMOS enhancement of the widely used Z80. Has 
on-chip MMU, multiple DMA channels, and UART like the Zilog 2280, 
but it’s not as ambitious. It doesn’t have sophisticated big-computer 
features such as separate privileged ‘‘system’’ control registers, nor 
does it have a cache. Moreover, the 64180’s MMU is not for virtual 
and protected memory; it translates between the Z80 64k-byte address 
space and the 1M-byte space reached externally by the 64180. It has 
received a boost from all Z80 users and third-party supporters of the 
venerable Z80. 


——— CHARACTERISTICS ———— SOFTWARE 


i—DATA-MANIPULATION INSTRUCTIONS 

Unsigned 8 x 8-bit = 16-bit multiply. 

Nondestructive ANDs for comparing |/O ports, immediate data, and 
memory to accumulator. 

li—DATA-MOVEMENT INSTRUCTIONS 

Immediately addressed locations. 

Block output to |/O. Must set up MMU bank registers to translate 
between 64k of Z80 and 512k external. 

V—POWER-SAVING INSTRUCTIONS 

Sleep command disconnects processor from clock. Interrupt or reset 
will reconnect. 


Software notes: 

1. Only new instructions beyond Z80 instructions listed. 

2. The MMU adds base registers to Z80 16-bit addresses to produce 
the 19-bit addresses needed externally. 

3. Trap interrupt can be used both for catching undefined op codes 
and for letting users extend instruction set. 


Specification summary: Object-code compatible with Z80 (and 
8080, 8085). Pipelined CPU. On-chip MMU generates 19 bits (512k to 
1M bytes) external physical address space. 2-channel direct-memory- 
access controller, 2-channel asynchronous serial port, synchronous 
(clocked) serial port. Can interface to 8080 or 6800/6500 buses (Z- 
suffixed versions are matched to Z80-family peripherals). CMOS ver- 
sions 50 mW at 4-MHz operation; lower power in sleep and halt modes. 
Packaged in 64-pin DIP and 68-pin PLCC. 


SOFTWARE 


Microtec Research (Santa Clara, CA) supplies macroassembler, utilities, 
Pascal, and C compilers (to run on IBM PC and DEC VAX hosts). 
Avocet (Rockport, ME) and Allen Ashley (Pasadena, CA) have an- 
nounced IBM PC-based assemblers. Hitachi provides help so that the 
additional 64180 instructions can be treated as macros on a Z80 mac- 
roassembler. Boston Systems Office (Waltham, MA) offers VAX-hosted 
assembler ($3900). Software compatible with CP/M (Digital Research) 
and MSX (Microsoft) operating systems (latter being result of project 
for Japanese market). 

American Automation has cross-software to go with development hard- 
ware (assembler, C compiler, and debugger). 

Archimedes (San Francisco, CA) offers C compiler ($995 for IBM PC; 
$3995 for MicroVAX; and $5995 for VAX). 
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At last... a real 
40 Mbyte/Sec. 
data management 


system on one 
VME board. 


The SCSI-11 
from Radstone. 


Face it. Your real system problem ts fast 
lata access and transfer. Now there’ a 
ttlenecks in those 
areas to let your VME system deliver 

eak performance. 


[he objective: Megseicerl . 4 
single board that operates at the 7 ™ 
maxium data rate of all involved system > 
and |/O busses...simultaneously! 


Hieroineam Radstone’s “Freeflow Architecture” SCSI 
board that let’s you use up to four different busses—SCSI, VME, 
VSB and our APEX auxiliary bus. This gives you an I/O processor 
that not only supports SCSI, but dual SCSI, Ethernet, IEEE 488, 
floppy, parallel I/O and just about anything else your system 
might need. 


The Ultimate SCSI Package 

Only Radstone’s SCSI-11 offers you: 

e The fastest sustained transfer rate available— 40 Mbytes/sec. 
across the VMEbus 

e The first controller board in the industry with the VIC 068 
VMEbus Interface Chip 

e Sustained 5 Mbyte/sec. transfer rate across the SCSI bus 

e A full master/slave VSB interface with its own sustained 30 
Mbytes/sec. DMA transfer rate 

e 68020 Microprocessor 

e 1 Mbyte Quad-ported DRAM 

e APEX (Advanced Processor EXtension bus) to add the 
functionality you want—Ethernet, second SCSI, IEEE 488, 
floppy, parallel 1/O...or your own. 


Commercial through Mil-Spec 

Radstone offers an entire family of SCSI interface boards for 
applications from commercial through full Mil-Spec. Plus the 
industry's best selection of commercial, ruggedized and military 
VME processor, memory, communications, I/O and controller 
boards, development systems and software. Radstone has your 
VME system solution now. Call us for the details. 


UK Water Lane, Towcester, Northants, NN12 7JN, (0327) 50312 

USA 20 Craig Road, Montvale, NJ 07645-1737, (201) 391-2700 

France ‘Miniparc, 6 avenue des Andes, 91940 Les Ulis, (1) 64.46.04.03 
Germany Bahnhofstrafe 38, D-6090 Riisselsheim (0 61 42) 6 80 04 
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6800/6802 AND 6809/6309 


AVAILABILITY: Now. 

COST: As with other mature wPs, costs have dropped, in this case to 
a couple of dollars per uP), except when a part is at end of its life, in 
which case prices might rise again. 

SECOND SOURCE: Hitachi, Fujitsu, and SGS Thomson. 


Description: The 8-bit 6800 CPU was the original part in the family 
named after it. That family has been broadened to include not only the 
2-chip 6802/6846 and 6809 covered here but also the single-chip 6801, 
the low-end single-chip devices, and the 6804 and the 6805. Note, 
however, that new CPU members aren’t precisely compatible with the 
original 6800, especially at the low and high ends. Even the 6809 is 
only software compatible with the original 6800 at source-code level. 


HARDWARE 
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—_—_ 16—BIT ADDRESS BUS 


CLOCK 
1 MHz 


20 
LOW LEVEL) 


Qe aan ae ae ee 


Sm ma a a a ce ee oY 


1/0 (6800 PART) 


Hardware notes: 

1. Diagram shows 6800 and 6802. The 6809 has another 16-bit index 
and a second ‘‘user’’ stack pointer, which make the 6809 more powerful 
than the 6800; these additional resources give the 6809 many more 
instructions. On simple benchmarks, the 6809 is 270% faster than the 
equivalent-speed 6800, programs in 42% fewer instructions, and uses 
33% less code. 

2. Basic 6809 version has on-chip clock. A minimum system results 
with the following parts: 6809, 6810, and 6846. 6809E version has 
off-chip clock. An early valid-memory-address (VMA) signal on 6809E 
allows 3-MHz bus operation with a 2-MHz memory. External clock 
permits multiprocessing. 

3. The memory-management unit (6829) allows the 6809 to run 32 
concurrent protected tasks per management unit in 2M-byte address 
space. 

4. Hitachi CMOS version (6309) has 2-, 2.5-, and 3-MHz bus timing; the 
Sync and CWAI instructions allow a low-power sleep mode. 


COST 
(100 QTY) 


1-2 
(4 MHz 
EXT) 


HARDWARE 


From Motorola: Emulators range from low-cost (hundreds of dollars) 
aes to HDS-300 system (about $5000) plus personality modules 
($5000). 

Support systems and OEM boards available from Motorola Semicon- 
ductor Div, 5005 E McDowell Rd, Phoenix, AZ 85008. Phone (602) 
244-6900 or (602) 438-3500. 

From others: Tektronix and Hewlett-Packard development systems 
support the 6800. Micro Industries (Westerville, OH) says it has acquired 
an exclusive license to Motorola’s ‘‘Micromodule”’ 8-bit boards. 


SUPPORT 


8-BIT NMOS AND CMOS 


Motorola Microprocessor Products Group 
6501 William Cannon Dr W 

Austin, TX 78735 

Phone (512) 440-2000 


For more information, Circle No. 467 


Status: Introduced in 1974, the 6800 has been the foundation of one 
of the longest lived and broadest P families of all. Among its progeny 
are the 6809 covered here and the following Motorola .Ps and pCs, 
which are described elsewhere in this directory: the 6804, 6805, 6801, 
and 68HC11. The 6800 is now past its prime and is not recommended 
for new designs; we retain it in the directory for reference. But the 
newer 6802 and 6809 continue to be shipped in volume. For new de- 
signs, Motorola steers designers either upwards to 16- and 32-bit 68000 
family (68008 has 8-bit bus) or downwards to the 68HC11. 


——— CHARACTERISTICS ———— SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logic. 

Instructions to take advantage of two accumulators. 

6809 has unsigned 8 x 8-bit multiply with 16-bit product. 
ll—DATA-MOVEMENT INSTRUCTIONS 

Can reach the first 256 locations of memory with short instructions. 
6809 can use four index registers for merging three source blocks into 
one destination block. 

Can autoincrement and autodecrement by 1 or 2 directly and indirectly. 
Page zero can be software relocated during program execution, effec- 
tively increasing its size. 

Indexing uses the ‘‘true indexing”’ relationship between base and offset 
(0, 5, 8, 16 bits) rather than the 6800 relationship. 

Can utilize the user stack for Polish-notation operations or interpretive 
languages. 

lli—PROGRAM-MANIPULATION INSTR 

Has PDP-11-type branches and conditional branches. Unlimited subrou- 
tine nesting via stack pointer addressing LIFO stacks in RAM. 

Does not have vectored interrupt but can achieve function with software 
or with 6828 priority interrupt controller. 

6809 has extensive relative addressing with wide reach, which allows 
creation of position-independent code and opens door to use of off-the- 
shelf, mass-produced standard firmware in ROMs. 
IiV—PROGRAM-STATUS-MANIP INSTR 

6809 has instructions for manipulating the status register (condition- 
code register). It may be transferred or exchanged with any 8-bit register 
or pushed or pulled on either stack; any number of flag bits may be 
set or cleared in one instruction. 

IV—POWER-SAVING INSTRUCTIONS 

6309 has SYNC and CWAI to put CMOS CPU in sleep mode. Sync 
instruction stops »P until it gets go-ahead signal from interrupt line. 


Specification summary for 6800: Common-memory architecture 
with 16-bit (64k-byte) memory space for instructions, data, and 1/O; all 
data 8 bits wide. Instruction set patterned after the PDP-11 mini as 
closely as possible in shorter word machine with limited CPU registers. 
Execution times from 2 to 5 wsec. NMOS circuitry requires one 5V 
supply, 500 mW; housed in 40-pin DIP. Versions with —55 to + 125°C 
range also available. 

Specification summary for 6809: An 8-bit machine with extensive 
16-bit addressing capability. Has two 16-bit index registers and a 16-bit 
user stack pointer that can also be software-specified as a third index 
register. Upwardly compatible with 6800, but only at source-code level. 
Bus operates at 2 MHz, so basic speed is similar to that of 6800, but 
greater efficiency of 16-bit addressing increases throughput. Instruction 
set has 59 mnemonics and seven addressing selections for a total of 
1464 instruction-addressing options. Instructions vary in length from 1 
to 5 bytes, with register-inherent operations executing in 1 psec at 
2-MHz bus speed (320-nsec memory access). Longest instruction takes 
20 cycles. The 6800 direct or page-zero register is retained but can 
be software relocated anywhere in memory via programmable register. 
The chip requires one 5V supply. Two versions, each in 40-pin DIP. 


SOFTWARE 


From Motorola: Software can be obtained free for downloading over 
phone lines by calling (512) 440-3733. The basic assemblers and other 
tools are for IBM PC. 

Two versions of Basic are available for the 6809: Basic-M and Basic09. 
The latter is designed to be fast and to permit structured programming. 
A Pascal compiler diskette is available. 


Text continued on pg 136 
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ON ASIC DESIGN 


Programming is quick and easy using 
readily available, third-party design 
software and programming hardware. For 
your high-volume production 
requirements, programming and testing 
services are available both from TI and 
authorized distributors. 

When low power and reprogram- 
mability are important, an erasable 
PLD (EPLD) gives you the freedom to 
make design changes quickly and easi- 
ly. For high-volume production require- 
ments, EPLDs are also available in one- 
time-programmable plastic packages. 

To move your EPLD design rapidly 
from concept to silicon, the TI EPLD 
Development System accepts a variety of 
entry formats. These include schematic 
capture, Boolean equations, state- 
machine diagrams, and truth tables. TT’s 
desktop CAE tool runs on an IBM®- 
compatible PC-AT™. 


FPGAs: Best of two worlds 


Like PLDs, FPGAs are user program- 
mable, provide rapid design and debug, 
are simple to use, and are virtually risk- 
free. Like masked gate arrays, FPGAs 
feature high gate densities, high perfor- 
mance, a large number of user- 
definable I/Os, and a gate array-like 
design environment. 

Currently available are TI’s 
TPC1010A (1200 gates) and the 
TPC1020A (2000), with higher den- 
sities to follow. Unlike PLDs and gate ar- 
rays, FPGAs have a unique architecture 


that allows 100% observability of the 


‘SPECTRUM 


_ ARRAY/CELL 


lOGRAMMABLE LOGIC DEVICE 


internal circuitry. This provides 
flexibility of design verification, either 
“in-circuit” or “in the programming 
box.” 

The TI Action Logic System 
(TI-ALS) is a powerful development 
tool for implementing your FPGA 
designs while avoiding NRE fees. The 
TI-ALS accepts designs from popular 
CAE software packages including 
Viewlogic™, OrCAD™, Mentor 
Graphics™, and Valid™ — resident on 
PC386, Apollo™, and Sun-3™ platforms. 


Gate arrays 
for greater differentiation 
For applications requiring higher-den- 
sity, high-performance ASICs with fast 
prototype delivery, TI’s TGC100 Series 
l-micron gate arrays are an excellent 
choice. Offering gate-array com- 
plexities up to 26K gates and 256 I/Os, 
the TGC100 Series utilizes familiar 
general-purpose logic libraries. You can 
efine macros and pinouts, as well as 
specify packages with pin counts up to 
256 pins. 

A comprehensive design kit provides 
the information you need to easily 
implement your gate-array design. 

ASIC design centers, located at TI’s 
Regional Technology Centers, are 
staffed with design specialists who are 
ready to help you. 


Standard cells: As specific, 
as complex as you need 
For ultimate performance and system 


integration, TT’s TSC500 Series is 
your choice. The extensive cell 
library contains high-performance 
memory, register files, FIFOs, and 
MegaModule™ building blocks. Realiz- 
ing the need to incorporate design-for- 
test into today’s high-density ASICs, 
TI also includes JTAG-compatible 
SCOPE” testability cells in its library. 
Thus, you can tailor a standard-cell 
design to meet your exact system re- 
quirements. As with our gate arrays, a 
design kit is available, as well as techni- 
cal design assistance through TI’s 
ASIC design centers. 


For details about the support and service TI 
offers, please turn the page. 


& é I need a high-spe 
part with unique 
functionality. Standa 
architecture is a big 
priority, too. Plus, I’r 
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The TI Solution: 


Programmable Log 
Devices 


A PERSPECT IV 


At TI, we cover your ASIC 
needs from silicon to software 
to service and support. 


ew ASIC suppliers match TI’s 

breadth of choice and depth of 
support in helping you develop the 
most efficient round peg for a round 
hole. As you see below, our ASIC 
family spans the architectural spectrum 
from PLDs to standard cells. 


PLDs: High performance, 
low risk 
PLDs are a low-risk, affordable design 


solution for high-speed-logic consolida- 
tion. Stocked on TI distributors’ 
shelves, they allow a quick ramp to 
volume production. 

TI offers more than 40 PLD func- 
tions in industry-standard architec- 
tures, including the high-speed, 7.5-ns 
TIBPAL16XX-7 and TIBPAL20XX-7. 
For high-performance applications, TI 
also offers unique functions such as the 
programmable sequence generator, 
TIBPSG507, and one of industry’s 
fastest programmable address decoders, 


the 6-ns TIBPALI8N8-6. 
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A PERSPECTIVE ON ASIC DESIGN 


‘At Texas Instruments, 
you have the choices 

you need to get the 
ASIC you eed. That’s 
the difference between 
an ASIC device and an 
ASIC solution.” 


6¢ 
n ASIC solution is more than a choice of silicon. To keep 


you from compromising on a square peg for a round hole, an 
ASIC solution involves many considerations: Your performance 
needs. How much control you want to exercise. The amount of sup- 
port you require. What you can spend. How narrow your market 
window is. It’s the result of you and your supplier weighing all the 
choices and reaching a balanced decision. At Texas Instruments, 
that’s the way we like to work. 

“A solution should not limit you to ‘classic’ ASICs — gate arrays 
and standard cells. That’s why TI includes user programmables in its 
ASIC lineup. We manufacture high-performance, programmable 
logic devices (PLDs) and high-density, field-programmable gate 
arrays (FPGAs). 

“Such a broad choice allows you to make better value judgments 
about control, NRE investment, and cycle times. 

“TI advocates open-system CAD architectures instead of confin- 
ing you to proprietary CAD systems. We support both PC- and 
workstation-based design systems. 

“We provide as much advice and counsel as you need or want just 
about anywhere in the world. Our documentation is so comprehen- 
sive it can fill your bookcase as it fills your needs. 

“We are looking to future solutions. For example, we are develop- 
ing submicron CMOS and BiCMOS gate arrays and standard cells 
with densities over LOOK gates. We are extending our support by 
developing software that migrates FPGA designs to mask- 
programmed gate arrays. 

“An ASIC solution also brings with it assurances of the supplier’s 
dependability, stability, and capability to produce and deliver. 

“At TI, we invite you to experience the difference between com- 
promise and choice — the difference between an ASIC device and 


an ASIC solution.” 


Walden C. Rhines, Ph.D. 
Executive Vice President, Semiconductor Group 
Texas Instruments Incorporated 


IN THE ERA OF MEGACHIP TECHNOLOGIES 
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TI Solution: 
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Gate Arrays 


A PERSPECTIVE ON ASIC DESTGN 


The sun never sets on 
TT’s service and support. 


That’s literally true. We have 
facilities and sites around the 
world. From early in your design 
cycle until you have the ASIC 
solution you envision, TI support 
and service are available 
wherever you are. 

This around-the-world service 
and support include that which you 
have come to expect from TI: Com- 
prehensive documentation and tech- 
nical literature. Workshop training at 
our Regional Technology Centers. 
ASIC design and applications 
specialists to provide one-on-one 
advice and counsel. Development 
hardware and software. 

Our design flow is straightfor- 
ward and minimizes the possibility 
of surprises. 


COMPREHENSIVE 
DOCUMENTATION 


TECHNOLOGY 
ROAD MAPS 


OPEN-SYSTEM 
CAD 


Our worldwide wafer-fabrication 
capability is unmatched and moving 
into the submicron era. We have dis- 
closed a 106K gate array fabricated 
with our EPIC™-II, 0.8-micron 
BiCMOS process technology. 

Such extensive service and sup- 
port satisfy the majority of our 
customers’ requirements, result- 
ing in round pegs for round holes. 
But what if you are one of those 
whose ASIC solution must be a 
peg of unusual shape? 


Tailoring the “fit” 

In these special instances, we will 
tailor our procedures to your 
needs, striving to be as “applica- 
tion specific” as the term implies. 

For example, certain business 
issues become very important 
when a programmable ASIC is 
best for you. Here, rapidly chang- 
ing market conditions require ab- 
solute supplier dependability. 

We can work with you to main- 
tain your inventory levels. We 
can adapt our production to sup- 
port your ship-to-stock or just-in- 
time programs. And if you'd like, 
we can deliver programmed or 
unprogrammed PLDs and other 
ASICs symbolized to your 


"asic 
DESIGN 
SPECIALISTS 


TRAINING & 
TECHNICAL 
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WORLDWIDE 
MANUFACTURING 


specifications to reduce your in- 


ternal handling. 

We are well aware that an 
ASIC solution is more than 
silicon, more than standard ser- 
vice and support. 

You may want us to analyze your 
evolving ASIC designs and needs 
with you in relation to our evolv- 
ing technologies. We can “tweak” 
our design flow to suit your require- 
ments and integrate our design 
tools within your proprietary CAD 
systems when required. If your 
design calls for a proprietary 
function, we can also create a cus- 
tom cell to suit your needs. 


TI’s MegaChip’” Technologies are the 
means by which we can help you and your 
company get to market faster with better, 
more competitive products. Our emphasis 
on volume manufacturing of high-density 
circuits is the catalyst for ongoing advances 
in how we design, process, and manufac- 
ture semiconductors and in how we serve 
our customers. 


We at Tl are willing to go the 


extra mile in service and support 
in order to achieve the ASIC 


solution best for you. 


For more information on TI! 


ASICs, call, fax, or write us. In 
Europe call 44-234-223000, fax 
44-234-223459, or write Customer 
Response Centre, MS 09, Texas 
Instruments Limited, Manton 
Lane, Bedford MK41 7PA, 
England. In Japan call 
81-3-769-8700, fax 81-3-457-6777, 
or write Texas Instruments Japan 
Limited, MS Shibaura Building 9F, 
4-13-23 Shibaura, Minato-Ku, 
Tokyo 108, Japan. In Hong Kong 
call 852-3-735-1223, fax 
852-3-735-4954, or write Texas 
Instruments Hong Kong Limited, 
Market Communications Depart- 
ment, 8th Floor World Shipping 
Centre, 7 Canton Road, Kowloon, 
Hong Kong. 


™ MegaModule, SCOPE, EPIC, and MegaChip 


® 
© 


are trademarks of Texas Instruments Incorporated. 
PC-AT is a trademark of International Business 
Machines Corporation. 

Viewlogic is a trademark of Viewlogic Systems, Inc. 
OrCAD is a trademark of OrCAD Systems Corporation. 
Mentor Graphics is a trademark of Mentor Graphics 
Coporation. 

Valid is a trademark of Valid Logic Corporation 
Apollo is a trademark of Apollo Computer Inc. 
Sun-3 is a trademark of Sun Microsystems, Inc. 

IBM is a registered trademark of International 
Business Machines Corporation. 
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INSTRUMENTS 


The CMOS Compatible Centigrids’ 


¢ Driven directly from CMOS logic 


* No amplification or buffering needed 


¢ Fewer components/connections = greater reliability 
* Both latching & non-latching versions available 


That’s right. These little relays 
are truly CMOS compatible. You 
can drive them directly with 
CMOS level signals. No outside 
amplification at all. An integral 
power FET driver gives you all the 
amplification you need. A large 
Zener diode protects the FET gate 
input. And all this plus a DPDT 
relay and coil suppression diode 


are packed into a tiny Centigrid can. 


You can see the advantages up 


front. Fewer components and 
connections mean increased relia- 
bility. Simpler board layout, too. 
Add to that the rugged construction 
and proven contact reliability that 
have made Centigrid a byword in 
the industry, and you have a sure 
winner. One that’s QPL approved 
to MIL-R-28776/7 and 8. One 
thing more. One version of this 
little beauty is also a Maglatch. A 


short pulse of power sets the relay, 
and it stays that way until it is reset. 
No holding power is required. 
That makes it ideal for applications 
where power is at a premium. 
The versatile CMOS compatible 
Centigrid. It is available in general 
purpose (116C) sensitive (136C) 
and Maglatch (122C). Call or 
write for complete information. 


TELEDYNE RELAYS 


Innovations In Switching Technology 


Teledyne Relays, 12525 Daphne Ave., Hawthorne, California 90250 « (213) 777-0077/European Headquarters: W. Germany: Abraham Lincoln 


Strasse 38-42, 6200 Wiesbaden/Belgium: 181 Chaussee de la Hulpe, 1170 Brussels/U.K.: The Harlequin Centre, Southall Lane, Southall, Middlesex, 


UB2 SNH/ Japan: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo 150/France: 85-87 Rue Anatole-France, 92300 Levallois-Perret. 
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650X, 65COX 


AVAILABILITY: Now. 

COST: The prices for both NMOS and CMOS have dropped to less 
than $1. However ‘‘legitimate’’ US price is $2 to $3 for NMOS and twice 
that for CMOS. 

SECOND SOURCE: Rockwell, California Micro Devices, NCR, and 
Western Design Center (WDC). WDC created some of the CMOS de- 
signs, which it has licensed (UMC in Taiwan, ITT-Intermetall in West 
Germany), which is one explanation why second sources have prolifer- 
ated. 

CORE: WDC has developed the semicustom 6502 core as NCR and 
others now use it. Many suppliers now specify it as part of their cell 
libraries. 


Description: Original design team’s goal was to achieve as much 
PDP-11-style addressing capability as would fit in an economical chip. 
Because of the »P’s short 8-bit index registers, it is optimally suited 
only to applications requiring access of smaller blocks of memory, 
although it benchmarks ahead of most other 8-bit Ps with respect to 
its speed of execution of high-level languages such as Basic and Pas- 
cal. New CMOS parts also have small economical die that gets still 
smaller with today’s finer geometries. See 6500/1 for single-chip ver- 
sions and 65SC816/802 for 16-bit-internal version. 


HARDWARE 


(NOT 3-STATE) 


(12) FOR 6503, 6505 (13) FOR 6504 (28-PIN DIP) 


CONTROL BUS 
DATA BUS (8) 


ADDRESS BUS: (16) FOR 6501. 6502 (40-PIN DIP) 


\/O (PIA) 
ORSTOD; —~> 


Notes on CMOS versions: 

1. CMOS 65CXX family members are slight enhancements of NMOS 
counterparts and can serve as plug-in replacements. 

2. Among hardware enhancements are new 4-phase clock that gives 
decreased memory access time and a memory-lock output and bus- 
enable input that simplify multiprocessor designs. 

3. Among the software enhancements are the treating of all unused 
op codes as NOPs and removing the page-boundary restrictions on 
JMP indirect. 

4. Decimal mode is automatically set off upon reset or interrupt, and 
the N, V, and Z flags are made active during decimal mode. 

5. A BRK followed by interrupt is executed. 

6. See instruction set for comments on new instructions. 


{ t TWO INTERRUPTS, ONE MASKABLE 


HARDWARE 


From Rockwell: LCE emulator ($1250), which interfaces to IBM PC 
host. 

From Western Design Center: Toolbox Design System in-circuit 
emulator (ICE) runs with an Apple IIGS host and can communicate with 
an IBM PC via a serial link ($4995). 

From California Micro Devices: GEM-| ICE package ($3750) capa- 
ble of interfacing with a variety of host computers including ISIS devel- 
opment system and Apple. Functions as a stand-alone assembler and 
disassembler using a nonintelligent terminal. Evaluation board for 
65SC150 ($499) that functions as in-circuit system when coupled with 
GEM-I. 

From NCR: Hardware emulator interfaces to Apple Ile through RS- 
232C port. Allows complete in-circuit software debugging. 

From Dynatem (irvine, CA): AIM-65 single-board computer and 
RM industrial modules. 


SUPPORT 


8-BIT NMOS AND CMOS 


Originator Commodore (Westchester, PA) no longer selis 
chips to the merchant market. Contact second sources. 


Status: The falling share of market for this ~P appears to indicate 
that it has reached the end of its lifecycle. However, the architecture 
lives on in the form of single-chip versions (see 6500/1 and especially 
the 50740 in this directory) and ASIC versions. Some of these have 
very large unit volumes, so the 6502 architecture may remain, by vol- 
ume, the leading 8-bit architecture in the world. WDC is shipping 8-MHz 
parts and is developing 10-MHz chips. 


——— CHARACTERISTICS ————— SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic and logical. Decimal mode via control bit in status register. 
Can operate on locations in memory space, which can be either RAM 
or I/O ports). CMOS parts have bit manipulation. 
li—DATA-MOVEMENT INSTRUCTIONS 

True indexed addressing, although index offset limited to 8 bits in two 
CPU registers—xX and Y. Short-form addressing to zero page. Has two 
sophisticated indirect-indexed and indexed-indirect instructions for han- 
dling tables. CMOS parts have indexed-absolute indirect and zero-page 
indirect. 

lli—PROGRAM-MANIPULATION INSTR 

Conditional branches with signed relative addresses. Nonmaskable 
and/or maskable interrupt, depending on model. CMOS parts have 
branches on bit test. 

Stack pointer for implementing 256-byte LIFO in external RAM. 
iV—PROGRAM-STATUS-MANIP INSTR 

Push and pull status register from memory stack. Set and clear carry, 
decimal mode and interrupt bits. 6502 and 6512 have external input to 
one status bit, useful for handshaking with peripherals. 
V—POWER-SAVING INSTRUCTIONS 

WAIT and STOP on 65C02, respectively, stop processor and disconnect 
clock to lower power consumption. 


Specification summary: Common-memory architecture with in- 
structions, data, and I/O in same 64k-byte space; 57 instructions (68 
for CMOS). Many instructions provide choice of 13 PDP-11-type ad- 
dressing modes (15 for CMOS). Advanced indexed-indirect addressing 
mode. NMOS and CMOS silicon-gate, depletion-mode circuitry requires 
one 5V, 250-mV supply. Some CMOS parts can run at 8-MHz clock 
frequency (125 nsec/cycle). CMOS parts require 4 mA/MHz for opera- 
tion and 10 .W for standby. Although they supply the pPs in DIPs and 
PLCCs, WDC recommends using the 44-pin PLCC for higher perform- 
ance and reliability. 


SOFTWARE 


From Rockwell: Cross software for Intel ISIS-li and personal devel- 
opment system ($250). Support (in firmware) for assembly ($35), monitor 
($65), Basic ($65), PL/65 ($85), Forth ($65), Pascal-“‘instant’’ ($100), 
math package ($35), and disk operating system ($50). 

From California Micro Devices: 65SC00 macroassembler for Apple 
Computer ($100), assembler for Intel ISIS ($1800), and Fortran assem- 
bler ($1800). 

From NCR: Monitor for use in conjunction with emulator. Supports 
breakpoint, change memory and registers, software trace, and real-time 
execution. 

From others: Because the 6500 has been so widely used, there are 
innumerable sources of software at different language levels; for exam- 
ple, Byte Works (Albuquerque, NM), S-C Software (Dallas, TX), Roger- 
Wagner Publishing (El Cajon, CA), and 2500 AD (Aurora, CO). | 


EDN November 23, 1989 


The integrated SCC that increases system performance 
and cuts CPU overhead in half. Any CPU. 


The CMOS Integrated Serial Communications Controller 
(Z16C35™) adds another level of performance and integration 
to Zilog’s industry-standard SCC. And it’ll work with whatever 
CPU you’re using. 

You cut real estate dramatically. 

The ISCC’s four DMA controllers (two per SCC channel) 
can cut your bus overhead by 50%, compared to industry- 
standard controllers. The maximum bus bandwidth of 3.1 
Mbytes/second reduces both bus utilization and CPU overhead. 


Since you've got a programmable bus interface, there’s no 
need for programmable array logic on board. Plus you’ve got 
a more compact code to work with. 


You pick the CPU. 

The new streamlined, general purpose bus architecture 
is programmable in 8- or 16-bit data widths and 8-, 16- and 
32-bit address bus widths. The ISCC’s bus architecture is pro- 


grammiable to accept multiplexed or non-multiplexed formats. 


You improve system performance. 

Available in 10, 12.5 and 16 MHz versions, the ISCC will 
give you a data transfer rate of up to 4 Mbit/sec. You’ve also 
got a 10 x 19 bit status FIFO and a 14-bit byte counter for high 
speed SDLC transfer, using on-chip DMA controllers. Besides 
the low power CMOS and Superintegration™ advantages, 
you have performance enhancers like on-chip baud-rate 
generators, digital phased locked loops and crystal oscillators. 
And the ISCC supports all the current SCC features, including 
multiprotocol operation. 


You choose. 

The ISCC is designed for applications that don’t require 
the higher bit rates of the USC, but do require DMA interface 
to larger memory systems as found in networked small com- 
puters, for example. In fact, it’s the only integrated general 
purpose alternative available. It’s also off the shelf. And backed 
by Zilog’s proven quality and reliability. To find out more 
about the ISCC or any of Zilog’s rapidly growing family of 
Superintegration products, contact your local Zilog sales office 
or your authorized distributor today. Zilog, Inc., 210 Hacienda 
Ave., Campbell, CA 95008, (408) 370-8000. 


Right product. Right price. Right away. © ZilGG 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 923-8500, IL (312) 517-8080, NH (603) 888-8590, MN (612) 831-7611, 


NJ (201) 382-5700, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 672045, 
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979, KOREA (82) (2) 552-5401, TAIWAN (886) (2) 741-3125, SINGAPORE 65-235 7155, DISTRIBUTORS: U.S. Anthem 
Electronics, Hall-Mark Electronics, JAN Devices, Inc., Schweber Electronics, Vargas Electronics, Western Microtechnology, CANADA Future Electronics, SEMAD, LATIN AMERICA Argentina—Yel.-(1) 


46-2211, Brazil—Digibyte (011) 581-1945. 
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8086/8088 


AVAILABILITY: Now. 

COST: Under $5.50 (1000) for NMOS 8086/88, under $7.50 (1000) for 
CMOS 8086/88. 

SECOND SOURCE: For 8086/8088: AMD, Harris, Matra-Harris, 
Fujitsu, Siemens, and OKI. 


Description: The 8086, 8088, and their low-power CMOS implementa- 
tions (80C86/80C88) share a 16-bit internal architecture that has a 
software base of more than 10,000 DOS applications. The 8088 (used 
in the original IBM PC and its clones) has an 8-bit external data bus 
to allow the manufacture of lower cost systems with full 16-bit software 
Capability. 


HARDWARE 


7 ivmepiate- 
_ | pata 


DATA BUS 


Hardware notes: 

1. Diagram is for initial family member, 8086. 

2. 8088 is downgraded version of 8086. It has only 8-bit-wide external 
data output bus (only 8 lower bits of address bus are multiplexed for 
data). Some pin functions have been changed. Prefetch queue is only 
4 bytes (to prevent overuse of bus). Instruction execution is slower as 
all 16-bit fetc:ies and writes take four extra cycles. 


HARDWARE 


From Intel: |?ICE in-circuit emulator ($7995) supports 8086/8088 to 
10 MHz. Emulators are hosted on IBM PC and Intellec Series III/IV 
development systems. All ICEs provide windowed, menu-driven, 
source-level display and ~P debug. Performance Analysis Tool (iPAT) 
consists of a hardware base unit, an interface to ICE, and host software 
for the IBM PC/XT and PC/AT. iPAT provides high-level access to 
target-system performance analysis and test-case code-coverage 
analysis for the 8086/8088. 

From others: Because of popularity, family is widely supported by 
third-party universal development systems. 
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SUPPORT 


liens een ssppelissiniso inoue nse sisgsopeeneetsas a 
8/16-BIT NMOS AND CMOS 


Intel Corp 

Embedded Controller Operation 
5000 W Chandler Bivd 
Chandler, AZ 85226 

Phone (602) 961-8051 


Intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
Phone (408) 987-8080 


For more information, Circle No. 468 


Status: Next to the 8080/Z80 family, the 8086 family has been the 
most successful .P family. Its most visible application has been in the 
IBM PC and its many clones. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

8-bit signed and unsigned arithmetic in binary or decimal, including 
multiply and divide. 

Logicals. 

Bit, byte, word, and block operations. 

li—DATA-MOVEMENT INSTRUCTIONS 

Addressing modes include literal, relative (to register and to segment), 
register, base-plus index, and base-relative indexed. 

Use of segment registers: Programmer can, through software, set up 
four areas in memory with four segment registers—a program area, a 
stack area, and two data areas. These areas need not be full 64k, and 
they can overlap. Programmer can alter the four area locations by 
modifying the segment-register contents. 
lli—PROGRAM-MANIPULATION INSTR 

Has call, jump, and return instructions both inside program segments 
and to different segments. Intrasegment call and jump use self-relative 
displacement for position-independent code. Conditional jump upon 
Boolean functions of flags within +128 bytes of instruction. Iteration 
control of loops, a repeat prefix for rapid iteration in hardware-repeated 
string operations. 

Note: Jumps can occupy varying amounts of execution time, because 
with BIU’s instruction prefetch, the program counter can be ahead of 
itself 

IiV—PROGRAM-STATUS-MANIP INSTR 

In addition to 8080/85 flags: overflow, interrupt enable, direction (for 
Strings), and single-step trap flags. 


Specification summary for 8086/88: 16-bit CPU that can reach 
1M byte using “segment’’ address-extension registers. Register-to- 
register operations execute at 0.6 wsec with 5-MHz clock (0.37 wsec 
with 8-MHz clock). HMOS ion-implanted, depletion-load, silicon-gate 
circuitry; requires 5V at 340 mA (substrate bias generated on chip). In 
40-pin DIP, device is pin programmed to switch eight pins from minimum 
to maximum external system mode. Harris CMOS 8086 dissipates only 
10 mA/MHz when running; clock can be stopped for 500 pA standby. 


SOFTWARE 


From Intel: Macroassembler, including linker, locator, mapper, and 
librarian. High-level-language compilers include PL/M, C, Fortran, and 
Pascal. DB-86 software debugger provides windowed, menu-driven, 
source-level debug with full source-code display. Hosts include PC-DOS 
and VAX/VMS. Prices start at $750 (for DOS versions). 

From others: Because of wide base of 8086/8088-based systems, 
particularly the IBM PC, there exists third-party software of all sorts, 
enough to fill whole catalogs. Check with Intel and various trade jour- 
nals. 
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Now you can build 10 Mbit high-performance 


into your single-channel designs. 


Zilog’s MUSC, mono-channel universal serial commu- 
nications controller (Z16C33™), has been designed specifi- 
cally for high-performance applications that require only 
one high-speed channel. And it costs you about 40% less 
than the dual-channel USC. 


All the performance you want. 


The MUSC’s 10 Mbit/sec data transfer rate makes it the 
fastest single-channel general purpose controller available. 
CMOS and Superintegration™ give you higher throughput, 


ght product. Right price. Right away. 


while helping reduce the CPU workload. And the 32-byte 
FIFO transmit-and-receive buffers help reduce CPU overhead. 
So does the fact that the MUSC integrates two time slot assign- 
ment cells—one for receive and one for transmit. So data is 
automatically inserted into programmed time slots, reducing 
CPU overhead:and external logic even more. And all of that 
frees up more CPU power for the system. The final touch is 

a separate 8-bit parallel 1/0 port, ideal for status or displays, 
that adds flexibility in local control or data presentation. 


All the flexibility you need. 


The MUSC’s multiprotocol design lets you adapt your 
system to a variety of networks. But not only do you get 
10 protocols, you get 8 encoding formats—including asyn- 
chronous, bit and byte synchronous, isochronous, Ethernet, 
and MIL-STD 1553B. And the Open Systems Interconnect 
(OSI) model features Time Slot Assignment that allows 
transmission of time multiplexed Synchronous Data Link 
Control (SDLC) protocol to the ISDN link level. 


All the reliability you've come to expect. 

Of course, the MUSC comes to you off the shelf, with 
Zilog’s proven quality and reliability. And you have the 
advantage of CMOS and Superintegration. But you also have 
the MUSC’s unique built-in bus-oriented testability, which 
allows access to nodes and registers for testing program 
functionality in real time. And, since dedicated pointer 
registers provide a window to serial flow during on-line 
testing, you can test transmission reliability of the controller 
during system operation. 

To find out more about the MUSC or any of Zilog’s 
rapidly growing family of Superintegration products, 
contact your local Zilog sales office or your authorized 
distributor today. Zilog, Inc., 210 Hacienda Ave., Campbell, 


CA 95008, (408) 370-8000. 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 923-8500, IL (312) 517-8080, NH (603) 888-8590, MN (612) 831-7611, 


NJ (201) 382-5700, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (41 
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979, KOREA (82) (2) 552-5 


6) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 672045, 
401, TAIWAN (886) (2) 741-3125, SINGAPORE 65-235 7155, DISTRIBUTORS: U.S. Anthem 


Electronics, Hall-Mark Electronics, JAN Devices, Inc., Schweber Electronics, Vargas Electronics, Western Microtechnology, CANADA Future Electronics, SEMAD, LATIN AMERICA Argentina—Yel.-(1) 


46-2211, Brazil—Digibyte (011) 581-1945. 
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Z280 


AVAILABILITY: Now. 

COST: About $15 in large volumes. 

SECOND SOURCE: None announced, but supplier claims it has 
strong interest from major European and Far East semiconductor 
houses. 

CORE: Zilog is incorporating elements of Z280 in its megacell library, 
so it can rapidly put together new combinations. The company claims 
it can turn around a semicustom design using its megacells in a matter 
of days. However, it does not plan to offer ASIC tools to customers. 


Description: Enhanced Z80 uP, upgraded to the point that it has 
most of the features of larger 16/32-bit machines. It has “‘privileged’’ 
system-control hardware and associated software for multiuser, multi- 
tasking operating systems. It has memory management for virtual mem- 
ory and incorporates cache to achieve high throughput with moderate- 
speed external memories. 


HARDWARE 
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Hardware notes: 

1. Diagram indicates how basic Z80 CPU has been enhanced by adding 
other functions to the chip. Not so apparent are other enhancements 
to the Z80 CPU, such as more powerful, generalized 16-bit data and 
addressing operations. 

2. The integration not only lowers system cost but provides a speed 
advantage: When all subsystems are on chip, the system speed auto- 
matically increases. 


HARDWARE 


From Zilog: |n-circuit-emulator chip and evaluation board. 

From others: Softaid (Columbia, MD) has a low-cost real-time devel- 
opment system, and CDS (Statesville, NC) offers evaluation boards for 
several popular buses. Logic analyzers are sold by Hewlett-Packard 
and Tektronix. 
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SUPPORT 


8/16-BIT CMOS 


Zilog Inc 

210 Hacienda Ave 
Campbell, CA 95008 
Phone (408) 370-8000 


For more information, Circle Nc. 469 


Status: The Z280 became available in late 1987. Basically, the Z280 
lets designers upgrade Z80-based personal computers into multiuser 
systems that have large virtual memories and, claims Zilog, high per- 
formance. Zilog says there is a great deal of interest in the Z280, 
especially in Europe and Japan where Z80-based personal computers 
have persisted. Compared with other Z80 enhancements, such as the 
Hitachi 64180 (which Zilog second sources), the Z280 offers a greater 
performance edge. Zilog is also pushing the Z280 as an upgrade for 
the many dedicated systems using Z80s as embedded controllers. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

16 x 16-bit = 32-bit multiply and 32/16-bit = 16-bit divide. 

Extended block mode manipulates data in blocks. (Can be used with 
supplier's Z8070 IEEE floating-point coprocessor). 
li—DATA-MOVEMENT INSTRUCTIONS 

Addressing modes for more general 16-bit use of Z80’s 16-bit registers 
(HL, DE, BC pairs). 

Instructions.to communicate with coprocessors. 
lli—_PROGRAM-MANIPULATION INSTR 

Jump on auxiliary accumulator/flag. 

Jump on auxiliary register file in use. 

System call. 

IV—PROGRAMN-STATUS-MANIP INSTR 

Master status register; see category V instructions. 

V—SYSTEM CONTROL INSTRUCTIONS 

Instructions for added system-control registers. These are privileged 
instructions to permit operating system to define the system configura- 
tion upon start-up, to use the new system stack pointer, master status 
register, and to set up the cache’s mode of operation. 


Software note: Only those instructions that are enhancements of 
basic Z80 set are covered. Otherwise, the Z280 is object-code compat- 
ible with Z80 (and 8080). 


Specification summary: The Z80 upwardly enhanced toward a gen- 
eral-register 16-bit minicomputer. On-chip memory management to ad- 
dress aS many as 16M bytes of external memory. CPU is 3-stage 
pipelined with on-chip 256-byte program and data cache to automati- 
cally keep recently used instruction on chip for fast—to 2 MIPS— 
execution at 10-MHz internal bus clock. Planned mask shrink from initial 
2-~m geometry to 1.5 wm is expected to allow 25-MHz clock. Future 
mask improvements are expected to allow speeds to 50 MHz. The 1/O 
is pin programmable to match either 8-bit Z80 bus or 16-bit ‘‘universal’’ 
bus. Also included on chip are four 16-bit timer/counters, four DMA 
channel controllers, dynamic-memory refresh control, and a serial 
UART port. The Z280 will be fabricated in static CMOS and housed in 
68-pin PLCC; other options planned for future as requested by custom- 
ers. 


SOFTWARE 


From Zilog: You can obtain a debug monitor program and a cross- 
assembler with Zilog’s evaluation board. Zilog plans no other software 
support. 

From others: 2500 AD is shipping a cross-assembler and is reported 
to be working on a C compiler. CDS offers both a cross-assembler and 
a C complier. 
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be Microsoft® MASM" & C-compiler support! 


Start with source level debugging in C 
and assembly. Add a 4K deep trace, power- 
ful performance analyzer; other attributes, 
and you have EZ-Pro™, the most versatile 
microprocessor development system in the 
world. It also features breakpoints for hard- 
ware addresses, logic probes, address ranges, 
conditional X before Y before Z, trace 
on/off, plus software breaks and counts. 


IBM® XT, AT, PS/2 and Sun Microsystems™ 
host EZ-Pro development systems. 


EZ-PRO Supports: 1802/05/05AC/06. . .64180RO/R1/Z. . .6301V1/01X0/63701V0/63701Y 
6303R/03V1/03X/03Y/03Y0. .. .6309/09E. . . .6502/C02/03/04/05/06/07/10/12/13/14/15 
6800/02/08. . .6801/01U4/68701/68701U4/03/03U4. . .68HC05C4/C8/D2/P1. . .6805 ASIC 
1468HCO5E2/E3. . .6809/B09/09E. . .68HC11A0/A1/A8/E1/E2/E9. . .68000/68008/68010 
8035/39/C39/40/48/8748/49/8749/C49/50..... 8051/51AH/C51/C51BH/C51FA (80C252) 
8751/51H/51BH/C51. .8052/52AH/C52/52BH/C52T2. .87C52/52BH. .8031/31AH/C31/C31BH 
8032/32AH/C32/32BH/C32T2. . .80C154/83C154/85C 154. . .8344/44AH. . .8053AH/8753H 
80515/535. . .80C152JA/C152JB/C152JC/C152JD. ..80C321...80C0451.. .80C552 
80C325... .80C452... .80C652. . . .8085/8085AH-2/80C85. . . .8086/80C867. . .8088/80C88 
8096/97/8396/8397/8098/80C 196. . .8X300/305. . .NSC800. . .V20/30. . .Z80A/Z80B/Z80H 
80186/80C186 (16 MHz). .Z180 and more. 


EZ-Pro will handle your project, or return 
it within 10 days under our zero risk 
Suitability Warranty. 


. .80188/80C188 (16 MHz! 


You may take advantage of the EZ-Pro equity 
rental plan or make a standard purchase. 
Either way, we are ready to ship most 
systems today. 


Your call will expedite prices and specifica- 
tions. Or write: Customer Service, 2651 Dow 
Avenue, Tustin, CA 92680-7207. 


 _ EZ-DENO 89.1 
pe “INSTALL” to ins 


SYM- 
BOLIC 
COUPON 


Instant Information: 
Please expedite EZ-Demo 
disk—Interactive. Tutorial. 


PAN american automation 


EZ-Pro is a trademark of American Automation Inc. IBM & PS/2 are registered 
trademarks of International Business Machines Corporation. XT & AT are 
trademarks of International Business Machines Corporation. Sun Microsystems 
is a trademark of Sun Microsystems, Inc. Microsoft is a registered trademark of 
Microsoft Inc. MASM is a trademark of Microsoft Inc. 


] Specifications | Prices 


(714) 731-1661 
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65C816/65C802 


AVAILABILITY: Now. 

COST: In plastic, $19 (100) for 65C816 and $15.17 (100) for 65C802. 
SECOND SOURCE: VLSI and California Micro Devices said to be 
main sources, but WDC says it has licensed others in US and abroad. 
(Mitsubishi says it will be making a version of its 50740 6502-based 
single-chip device that will also have a 16-bit internal architecture.) 
CORE: All suppliers are considering this as a ~P megacell in their 
libraries. 


Description: CMOS 8/16-bit Ps featuring software compatibility with 
8-bit 6502 (both original NMOS 6502 and enhanced CMOS 65C02). 
The 802 is pin-for-pin compatible with the 6502, so it can be plugged 
into existing sockets. The 816 has a different pinout but expands the 
addressing range of the 6502 from 64k to 16M bytes. Additional hard- 
ware enhancements on the 816 allow it to be used for multiprocessor 
systems and in systems that have data and program caches. 


HARDWARE 


TRANSFER 
SWITCHES 


INTERRUPT 
LOGIC 


CLOCK 
GENERATOR 


+ SPH (STACK POINTER) SP 


~% 


oO 
ies) 
D 


REGISTER TRANSFER LOGIC 
aS 


PREDECODE 
INSTR RB) 


INSTRUCTION DECODE SUM OF MINTERMS 
g 
ba a 


A (ACCUMULATOR) B 


INTERNAL SPECIAL BUS (16) 


INTERNAL ADDRESS BUS (16) 
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> 
Be 


DBE 


ADDRESS 
HIGH 


65SC816 (AND 802) 
CHIP BOUNDARY 


ADDRESS BUS TO 24 BITS ON 816 


DATA BUS 


Hardware notes: 

1. Compare diagram with previous 6502/65SC02 (elsewhere in direc- 
tory) to see nature of architectural enhancements. The 8-bit registers 
have been widened to 16 bits, and the 16-bit registers widened to 24 
bits. 

2. The new control-bus outputs on the 816 facilitate multiprocessing, 
caching, and virtual memory. 

3. The new control-bus inputs on the 816 let you abort instructions for 
virtual memory as well as control bus access. 


HARDWARE 


From Western Design Center: The Toolbox Design System in- 
circuit emulator (ICE) runs with an Apple IlIGS host and can communi- 
cate with an IBM PC over a serial link ($4995). 

From California Micro Devices: Prototyping board for 816. 

From Microtek Lab Inc (Gardena, CA): In-circuit emulation sys- 
tem. 

From Dynatem (irvine, CA): RME-1600 board with 65C816. 

From Apple (Cupertino, CA): The Apple IIGS personal computer 
($700 to $1300) for use as development system because it uses 65C816. 


——— CHARACTERISTICS 


SUPPORT 


8/16-BIT CMOS 


Western Design Center Inc 
2166 E Brown Rd 

Mesa, AZ 85203 

Phone (602) 962-4545 


For more information, Circle No. 463 


Status: Apple’s use of the 65C816 in the IlIGS upgrade of the widely 
used Apple computer provides a firm basis for hardware and software 
availability. Software support is growing as third-party houses that have 
supported the 6502-based Apple computers convert software to take 
advantage of the expanded memory and other capabilities of the 
65C816. One indication of breadth of software support is Byte Works’ 
claim that it has delivered several hundred of its software-development 
tools. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

The 6502/65C02 instructions with 16-bit versions of add, subtract, BCD, 
and logicals. No multiply, but future 65C832 version will have provisions 
for floating point on chip. 

li—DATA-MOVEMENT INSTRUCTIONS 

6502/65C02 instructions, but with choice of 8- or 16-bit indexing and 
8- or 16-bit data widths. m 

On 816, addressing can span 16M bytes with aid of paging through 
new register extensions. New block-move (forward or backward) in- 
structions. Increased stack-pointer addressing modes, including stack 
relative, indirect, and indexed. 

lli—PROGRAM-MANIPULATION INSTR 

Wait for interrupt and stop clock (restart via interrupt). Abort instruction 
on 816 via pin input acts as interrupt and directs program to perform 
memory repair and retry. 

iV—PROGRAMN-STATUS-MANIP INSTR 

Additional bits in status register allow software selection of 8- or 16-bit 
modes for indexing and data. Also, E bit associated with status register 
(but not handled as part of it) provides software choice of emulation 
or native mode. 


Software notes: 

1. Upon reset, 802 and 816 are in 6502 emulation mode. To go to native 
(enhanced) mode, the E bit must be reset to 0 via an exchange with 
previously reset carry bit in status register. 

2. Full-sized 16-bit registers may facilitate high-level-language compiler 
writing as compared with 6502. The 16-bit index registers and the 
16-bit stack pointer with no page-1 confinement help facilitate compiler 
writing. Further, the more sophisticated stack-pointer addressing 
modes directly serve needs of compiler writers. 

3. Tendency of native (enhanced) mode coding to become trickier than 
6502 due to tightly packed architecture (all 256 op codes used) and 
opportunity to flip back and forth dynamically between modes and 
between register and data widths. 


Specification summary: Enhanced 6502 with 16-bit internal data 
option and 24-bit addressing option, software selectable. Data I/O off 
chip remains 8 bits, however. The 802 version is hardware compatible 
with 6502 (or 65SC02) and can be plug-in replacement. It will reset into 
6502 emulation mode but can be software-switched into varying de- 
grees of 16-bit operation. The 816 version is almost identical internally 
to 802, but it has different pinouts because it brings the additional bits 
for 24-bit address space out of the multiplexed 8-bit data bus. The 816 
also has special control lines to facilitate virtual memory, coprocessors, 
and data and program caching. Performance is mostly identical to 6502 
of same clock speed, except that extended addressing and data modes 
take additional cycles. Clock to 8 MHz. Fabricated in 2.4-.m and 1.5-~um 
CMOS and features 5-mA/MHz power consumption, 1 »A in standby 
mode. Although it supplies the wPs in DIPs and PLCCs, WDC recom- 
mends using the 44-pin PLCC for higher performance and reliability. 


SOFTWARE 


From Byte Works (Albuquerque, NM: The ORCA/M cross-assem- 
bly and utility package. C and Pascal compliers are also available. 
From Apple (Cupertino, CA): Assembler and debugger ($100) and 
C compiler. 

From others: Supporting products are also available from S-C Soft- 
ware (Dallas, TX); Roger-Wagner Publishing (El Cajon, CA); and 2500 
AD (Aurora, CO). 
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A SPICE Op Amp Macromodel for the LT4042 


Walt Jung 


Introduction 


The Boyle, et al.', SPICE macromodel for op amps has proven 
to be quite useful for fast and efficient computer-based IC 
circuit analysis, used within its limitations. Critics of this 
type of model point out that it is not optimum for precise tran- 
sient analysis of amplifiers using complex compensation. On 
the other hand, the Boyle macromodel may have little match 
in terms of the computational speed and performance it can 
achieve, plus how quickly it can be implemented. These 
virtues are particularly true for lower frequency op amps, or 
where DC performance parameters are more important. 


The Boyle model can be set up to give realistic and quite 
reasonable working approximations to a variety of IC op 
amps which use various types of differential transconduc- 
tance pair front ends. Two fundamental advantages of this 
model are the relative simplicity and the simulation speed 
(particularly when a minimum number of junctions are used). 
Further, the prudent use of the appropriate transistors at the 
input can simulate real input offset voltage and bias current 
effects, as well as such |C-unique features as input com- 
mon-mode clamping’, making the overall model much more 
realistic and akin to real-world ICs. While the original Boyle 
paper used an NPN bipolar input example (the 741), the 
topology of the macromodel is also readily adaptable to PNP 
bipolars as well as JFETs, as design options. 


The LT1012 


The LT1012 op amp is a popular “universal” high per- 
formance internally compensated precision op amp, avail- 
able in a variety of electrical grades and packages. It uses a 


rather unique input stage, comprised of a bias current com- 
pensated Super-Beta NPN differential pair. This allows the 
desirably low drift of an NPN pair to be realized, but with typ- 
ical bias currents of only 30pA, due to the use of both the 
Super-Beta process and bias current cancellation. Impor- 
tantly, the low bias currents are not achieved at the expense 
of poor drift and high voltage noise, as the LT1012 (C grade) 
accomplishes a 1,V/°C Max. drift, and a 14nV/Hz"? Typ. volt- 
age noise. 


The LT1012 has recently been broadened in terms of per- 
formance grades, with the addition of a premium “LT1012A” 
grade part, featuring 25.V Max. Vos, 0.6n.V/°C Max. drift, and 
500uA Max. supply current. The added “LT1012D” part has a 
140uV Max. Vos, a 1.7pV/°C Max. drift, and an 800uA Max. 
supply current. All device grades have the unusual combina- 
tion of performance characteristics which allow use as a 
low-voltage (+ 1.2V), low supply current micropower op amp 
as well as a full +20V supply range general purpose part. 
The LT1012 actually exceeds the performance of the industry 
standard OP-07, doing so at 1/20 the bias/offset currents, and 
1/8 of the supply current. 


The LT1012 Macromodel 


While all of the above may be interesting enough to a de- 
signer, how the model imitates the real part is more so. The 
LT1012 macromodel listed in Figure 1 has a number of fea- 
tures worthy of mention. Note that it is based on the LT1012C 
room temperature typical specs, taken from the data sheet. 
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Vos, the input offset voltage of the input pair, is modeled by 
using two slightly different NPN transistor models, qm1 and 
qm2. The ratio of their two saturation currents will produce 
an offset voltage, which is: 


Vos=KT/q In(Is1/Is2) 


With the ratio as shown, this produces the typical 10,V offset 
for the LT1012C. 


Bias and offset currents are modeled by using a different Bf 
for the two input pair halves, as: 


Bfi =Ic1/lb1 and Bf2 = Ic2/Ib2 


The Bf values shown for qm1 and qm2 are those which corre- 
spond to lb=30pA; log =20pA. While the gains listed are 
enormously high (even for Super-Beta transistors) this is not 
a problem for SPICE, so bias currents in the range of a typical 
LT1012C are produced. 


Other additions to the generic Boyle macromodel are the 
optional input diode clamps, ddm1 and ddm2, as in the real 
part (they can be deleted, if not used). The substitution of a 
current source, Ip, in the place of the Rp of the original model 
simulates quiescent power supply current. The LT1012, like 


* 

* Linear Technology LT1012 op amp model (with calls for LT1024) 

* ies 08-17-1989 10:16:25 Type: Bipolar npn input, internal comp. 
* Typical specs: 
* Vos=1.0E-05, Ib=3.0E-11, Ios=2.0E-11, GBP=6.0E+05Hz, Phase mar.= 70 deg, 
* SR(+)=2.0E-01V/us, SR(-)=1.9E- 01V/us, Av= 126 GB, CHR 132 GB, 

* Vsat(+)= 1 V, Vsat(-)= 1 V, Isc=+/- 12.5 mA, Iq= 38 

* (input differential mode clamp active) 

* 


* Connections: + - V+V-O 
-subckt LT1012 3 2 7 4 6 
* input 

Eei 80-8. 842E+03 

rc2 7 90 8.842E+03 


cl 80 90 5.460E-12 
rel 10 12 2.246E+02 
re2 11 12 2.246E+02 


* 

gem 0 8 120 2.841E-11 
ga 8 O 80 90 1.131E-04 
r2 8 O 1.000E+ a 

c2 1 8 3.000E- 

gb 10: 2S 5, See 


ve 14 4 1.785E+00 
p 7 4 3.740E-04 


-model qml npn (is=8.000E-16 bf=7.500E+04) 
-model qm2 npn (is=8.003E-16 bf=1.500E+05) 
-model dmi da (is= 1.179E-19) 

-model dm2 d (is=8.000E-16) 

——_ LT1012 


subckt LT1024 3 27 4 
%-EPI1024 =3=2-7--4-6 Lae 
ees LT1024 


ke —----- fini LT1012 family * - - - - - * [oamm vnl 8/89] 


Figure 1. 


many modern day ICs, has a quiescent supply current which 
is quite constant with supply voltage, thus Ip is more appro- 
priate than a fixed resistor. 


The remaining specifications modeled are shown at the head 
of the listing, consistent with the LT1012C. The model can 
also be used for the LT1024 (dual LT1012), if the “x” call is 


added at the end as shown. A sample small signal pulse re- 


sponse waveform of the model is shown in Figure 2, which 
can be compared to the similar condition scope photo, from 
the LT1012 data sheet (pg. 7). 


60mv +-------------+------------ +------------- too -- 55 3e5--<- + --=---------- + 
' t 


OUTPUT 


Figure 2. Small Signal Transient Response 
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Obtaining This Macromodel 


This model can be entered onto a given computer type simply 
by typing it in (very carefully!) using an ASCII text editor. Op- 
tionally, interested readers may contact LTC at the address or 
phone number below, for a copy of a PC data disc containing 
the most recent collection of macromodels (including this 
model and all those previously released). 


For literature on the LT1012 op amp, ora5 %4" 
macromodel disk, call (800) 637-5545. For 
applications help, call (408) 432-1900, Ext. 456. 


Linear Technology Corporation 
1630 McCarthy Bivd., Milpitas, CA 95035-7487 © (408) 432-1900 
FAX: (408) 434-0507 © TELEX: 499-3977 


IM/GP 1089 165K 


LI WHI 


©LINEAR TECHNOLOGY CORPORATION 1989 


THE FACILITIES 


= im Fixed and mobile EMP plane v wave oe 


simulators — 


S Automated pulse Peters test EMP a oF 


a acquisition system _ 

— @ Nuclear Event Bekacee a PCB 
mounted hybrid electronic device _ 
_ that detects a nuclear weapon's 
ionizing radiation pulse. ane initiates 
circumvention functions 


ae DC/ DC Power Converter. . cs PCB 


_ mounted hybrid that survives and 
_ continues to provide critical DC power 
euch a nuclear — s radiation 


environments. oe 


= a | = ee oe analysis 
and/or hardening solutions 
619/: 450- we 


CIRCLE NO 70 


201 86/601 88 


AVAILABILITY: Now for 8-MHz 80186/188. Now for 10-, 12.5-, and 
16-MHz 80C186. 

COST: Under $10 (100) for 80186/188 in PLCC. Under $18 for 10-MHz 
80C186/C188 in PLCC. 

SECOND SOURCE: AMD, Fujitsu, and Siemens. 

CORE: Iniel’s ASIC group plans to pare caihaes the 80C186 in its cell 
library. 


Description: The 80186, 80188, 80C186, and 80C188 are high-per- 
formance, highly integrated Ps, that were developed from the 8086 
base architecture. The 80186 family of products are completely upward 
compatibie with the 8086 object code and contain 10 additional instruc- 
tions. These high-performance embedded microprocessors integrate 
many common system components onto a single chip. This compaction 
results in increased performance and reliability as well as decreased 
board space requirements. The onboard peripherals include a clock 
generator, two independent DMA channeis, a programmable interrupt 
conirolier, three programmable 16-bit timers, programmable memory, 
peripheral chip-select logic, and a programmabie wait-state generator. 
Further ennancements to 80C186/C188 products inciude a power-save 
mode, a DRAN-refresh control unit, and a direct numerics interface. 


HARDWARE 
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Hardware notes: 

1. Diagram is for 800186. 

2. The 80C188 is the 8-bit external-data-bus version of the 80C186. 
The 80C188 has all other 80C186 features except for the numerics 
interface. 


3. The 80186 and 80188 do not have the DRAM-refresh control unit, 
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power-save mode, or the direct numerics interface. 
4. The 8087 math coprocessor supports the 80186/188; the 80C187 
supports the 80C186. 


HARDWARE 


From intel: |°1CE186 in-circuit emulator ($8500) supports 80186/188 
to 10 MHz. ICE186 in-circuit emulator ($9995) supports 80186/188/ 
C186/C188 for CPUs as fast as 16 MHz. Emulators are hosted on IBM 
PC and Inteliec Series III/IV development systems. 

From others: Because of popularity, family is widely supported by 
third-party universal development systems. 


———— CHARACTERISTICS 


SUPPORT 


8/16-BIT NMOS AND CMOS 


intel Corp 

Embedded Controller Operation 
5000 W Chandler Bivd 
Chandler, AZ 85226 

Phone (602) 961-8051 


For more information, Circle No. 464 


Status: The 80C186 family of products is widely used in more than 
3500 diverse customer applications. 


SOFTWARE 


iI—DATA-MANIPULATION INSTRUCTIONS 

Includes addition, subtraction, multiplication, and division. Arithmetic 
operations may be performed on four types of numbers: unsigned 
binary, signed binary (integers), unsigned packed decimal, and unsigned 
unpacked decimal. Binary numbers may be 8 or 16 bits long. Decimal 
numbers are stored in bytes: two digits per byte for packed decimal, 
and one digit per byte for unpacked decimal. 

li—-DATA-MOVEMENT INSTRUCTIONS 

Data-transfer instructions move single bytes, words, and double words 
between memory and registers, as well as between register AL or AX 
and I/O ports. Stack manipulation instructions are also included, as are 
instructions for transferring flag contents and for loading segment regis- 
ters. Subgroups of the data transfer instructions are general-purpose 
data, I/O, address-object, and flag-transfer instructions. 
lli-PROGRAM-MANIPULATION INSTR 

includes unconditional transfers, conditional transfers, iteration con- 
trols, and interrupts. Unconditional transfers include CALL, JUMP, and 
RETURN instructions, which may transfer control to a target instruction 
within the current code segment (intersegment transfer). The conditional 
transfer instructions are JUMPS that may or may not transfer control, 
depending on the state of the CPU flags at the time the instruction is 
executed. You can use the iteration control instructions to regulate the 
repetition of software loops. The interrupt instructions let programs 
as well as external hardware devices activate interrupt-service routines. 
iV—PROGRAM-STATUS-MANIP INSTR 

FLAG operations include carry, direction, and interrupt enable, all of 
which let programs control various CPU functions. 
V—SYSTEM-LEVEL INSTRUCTIONS 

The processor controls instructions responsible for external synchroni- 
zation, which include halt, wait, escape, and lock. 


Specification summary: 16-bit CPU with direct-addressing capabil- 
ity to 1M-byte memory and 64k-byte I/O with six address modes. There 
are 14 16-bit registers. Register-to-register operations execute at 125 
nsec for the 16-MHz device. The typical current for the 80186/188 at 
5V is 320 mA; that for the 80C186/C188 running at 16 MHz is 105 mA. 
These parts are offered in 68-pin PGAs, LCCs, and PLCCs. 


SOFTWARE 


From intel: Macroassembler, including linker, locator, mapper, and 
librarian. High-level-language compilers include PL/M, C, Fortran, and 
Pascal. iPAT performance analysis tool enables the analysis of real-time 
software execution in prototype systems. Analysis is performed sym- 
bolically, nonintrusively, and in real time with 100% sampling in the 
microprocessor prototype environment. 

From others: Because of wide base of 8086- and 8088-based sys- 
tems, in particular the IBM PC, there is third-party software of all sorts, 
enough to fill whole catalogs. Check with Intel and various trade jour- 
nals. 
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The Only 1 GS/sec 
Digital Oscilloscope With... 
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AVAILABILITY: Now for 8, 10, and 12.5-MHz devices; now for 16-and 
20-MHz versions from AMD and Harris. Now for CMOS 12.5-MHz 
80C286. 

COST: $14 (1000) for 8-MHz device; $29 (1000) for 12.5-MHz device. 
$50 (1000) for 12.5-MHz 80C286. 

SECOND SOURCE: AMD, Siemens, and Fujitsu. Harris for CMOS 
80C286. 


Description: The 80286 is upward compatible with the 8086 and 
80188 and includes on-chip memory management and hardware sup- 
port for multiuser, multitasking systems. A 4-level protection model 
provides task/task and user/operating-system protection. The 8-MHz 
80286 is six times faster than the 5-MHz 8086 due to its pipelined 
architecture, 8M-byte/sec bus and 3.5-nsec interrupt time. Used in the 
IBM PC/AT and its clones. 


HARDWARE 
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Hardware notes: 

1. Support chips for 80286: 82C284 clock, 82288 bus controller, 80287 
floating-point numeric processor ($187.15 (1000) for 10-MHz version), 
and 82258 advanced DMA coprocessor. 

2. A trend is for third-party VLSI houses to do high-integration chip 
sets to consolidate the devices being used around popular compute 
engines, which for the 80286 would be the IBM PC/AT. Chip sets for 
the IBM PC/AT are being offered by Chips and Technologies (San 
Jose, CA), Zymos (Sunnyvale, CA), VLSI Technology (Phoenix, AZ), 
Hudson & Supinger (Santa Clara, CA), Capital Equipment Corp (Burling- 
ton, MA), and Via Technologies Inc (Sunnyvale, CA)—as well as by Intel. 


HARDWARE 


From Intel: |?|CE-286 in-circuit emulator ($9995) supports 80286 at 8 
and 10 MHz. It is hosted on IBM PC/AT and PC/XT. ICE286 ($12,495) 
supports 80286 at 12.5 MHz. iPAT Performance Analysis Tool includes 
a hardware base unit, an interface to ICE, and host software for the 
IBM PC/AT and PC/XT. iPAT provides high-level access to target- 
system performance analysis and test-case code-coverage analysis 
for the 80286 in real and protected mode. 

From others: A number of third parties support the 80286 on their 
universal development systems. 
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———— CHARACTERISTICS 


SUPPORT 


16-BIT NMOS 


intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
Phone (408) 987-8080 


For more information, Circle No. 465 


Status: Intel has de-emphasized the 80286 in favor of its 32-bit sib- 
lings, the 80386SX, 80386, and 80486. However, in spite of very low 
growth, the 80286 still has the highest volume in the 8086 family. Its 
popularity has been based on the IBM PC/AT. Certainly the second 
sources will give the 80286 as long and thriving a life as they can, since 
Intel has shown no inclination to ever let them second source the 
80386. Therefore, expect more enhanced 80286s, such as the 16- and 
20-MHz versions from AMD and the CMOS version from Harris. Unfor- 
tunately for the second sources, the 80286’s big sisters, the 80386SX, 
80386, and 80486, are taking over many of its applications. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

8- and 16-bit signed and unsigned arithmetic in binary or decimal, 
including multiply and divide. 

Logical operations on bytes, words, and blocks. 
li—DATA-MOVEMENT INSTRUCTIONS 

Addressing modes include literal, relative (to register and to segment), 
register, base plus index, base relative indexed, and register indirect. 
Programmers can manipulate 16,383 segments in memory by means 
of memory-base descriptor tables and 4-segment registers. These seg- 
ments can be between 1k and 64k bytes in length. 
lli—_PROGRAM-MANIPULATION INSTR 

Has calls, jumps, and returns within the same protection level, across 
protection boundaries, and between tasks. 

Intrasegment calls and jumps use self-relative displacement for posi- 
tion-independent code. 

Intersegment calls and jumps use the memory-based descriptor tables 
to provide position independence of code. 

Conditional jumps upon Boolean functions of flags within +128 bytes 
of instruction. 

Iteration control of loops. 

String instructions, including repeat, for rapid iteration. 
iV—PROGRAM-STATUS-MANIP INSTR 

8085 flags (carry, auxiliary carry, parity, zero, and sign) plus overflow, 
interrupt enable, direction (strings), trap (single-step), |/O privilege level, 
and nested task. Flag register is software accessible. 


Software notes: 

1. Has high-level-language support instructions. 

2. Virtual-address translation, memory management, and protection 
performed by CPU for faster execution. 

3. Trusted instructions can only be executed at highest protection levels. 


Specification summary: 16-bit CPU with 1G-byte virtual-address 
space per user, mapped onto 16M-byte physical-address space. Bus 
cycles execute in 250 nsec at 8-MHz clock frequency (200 nsec at 10 
MHz), requiring 0.25 psec for register-to-register moves at 8-MHz clock 
frequency, with 8M-byte/sec bus bandwidth. HMOS ion-implanted, sili- 
con-gate circuitry in a large chip (335 x 339 mils, approximately 134,000 
transistors). Requires 5V at 600 mA. Has two operating modes: Real- 
address mode emulates 8086; protected virtual-address mode native 
to 80286. Housed in a 68-pin JEDEC type-A LCC, PLCC, and PGA. 


SOFTWARE 


From intel: Macroassembler (ASM 286), which includes systems 
builder, binder, mapper, and librarian. Compilers for C, Pascal, PL/M, 
and Fortran. For applications running in virtual 8086 mode, any of Intel’s 
8086 software tools can be used. Hosts include PC-DOS and VAX/VMS. 
$750 for DOS version. Real-time operating systems (Intel’s iRMX 286) 
available. 

From others: Other operating systems and compilers being devel- 
oped by third-party software houses include MP/M-286 (Digital Re- 
search), Xenix-286 (Microsoft), Coherent 286 (Mark Williams), Concur- 
rent DOS (Digital Research), Unix System V (Digital Research), and 
OS/2 by Microsoft (Redmond, WA). 
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Real World 
“Isolutions” 


THE WIDEST SELECTION OF ANALOG ISOLATION SOLUTIONS 
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| comprehensive 

_ product 
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| and many useful 
_ applications tips. 
_ Choose the 

_ performance 

_ and functionality 
_ to fit your 

_ requirements. 

| @ isolation ratings 


| @ signal and 


Burr-Brown offers the 


industry’s most complete 


line of low-cost analog 
isolation solutions 


available from any single 


company. 


Whether you're 
protecting equipment 
from high voltage 
transients, breaking 
ground loops, or 
reducing noise 
interference, Burr-Brown 
has the right “isolution” 
for the job. 


Free 
Selection 
Guide, 


Application 


Notes 
Now, you can learn all 
about Burr-Brown’s 
“jsolutions” in this 


from 750 to 
3500Vrms 


DC/DC power supply, 


signal only, voltage-to- 


frequency conversion, 
or DC/DC power 
supply conversion 
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Here’s a preview of what 

you'll find: 

@ |SO122P, the lowest 
cost 1500V “isolution” 
on the market 


@ |SO212, a combined 
signal and DC/DC 
power supply 
combination featuring 
low power consumption 
and a streamlined 
plastic ZIP package 


®@ Low cost PWS740 and 
PWS750 multi-channel 
component power 
systems 


The Leader in 
Analog 
Isolation 


Burr-Brown’s leadership 
spans thirty years in 
analog manufacturing 
and design innovation. 
The revolutionary 
capacitive isolation 
barrier is but one 
example. 
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_ input from output Office. 
stage creating a 
_ rugged, completely Burr-Brown Coprp. 


P.O. Box 11400 
Tucson, AZ 85734 U.S.A. 
FAX: (602) 7441-3895 


hermetic barrier. 


| @ economical plastic DIPs, 
| tugged hermetic DIPs, or 
state-of-the-art SOICs 


nsformer, optical, or | 
capacitive barrier 
technologies 
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BURR -BROWN® 


CIRCLE NO 71 
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8096 FAMILY 


AVAILABILITY: Now for NMOS 8096 family. The 8098 chip offers 
an 8-bit external bus. The EPROM version is also available as is the 
higher-performance 80C196 CMOS version. 

COST: Less than $8 (10k). 

SECOND SOURCE: Signetics/Philips. 


Description: Highly integrated 16-bit microcontroller combining 16-bit 
CPU with extensive I/O handling. On-chip memory includes 8k bytes 
of ROM and 232 bytes of register-file RAM. I/O capabilities include an 
8-channel, 10-bit ADC, full-duplex UART, 8-level priority interrupt, 
pulse-width-modulated output, high-speed pulsed 1/O, four 16-bit soft- 
ware timers, five 8-bit 1/O ports, and a watchdog timer. 


HARDWARE 


| 


CLOCK 
GEN 
75 12MH- 


ADDRESS BUS 18) 


LU 


HIGH SPEED 
INPUT OUTPUTITE 


UNIT 
TIMER 2 
| 
| 


HSI HSO 


P,ALT FUNCTIONS Fy 


Hardware notes: 

1. The initial NMOS 8096 family consists of parts that come with or 
without A/D converters, S/H circuits, and onboard ROM, and with either 
48 1/O lines (68-pin package) or 32 1/O lines (48-pin package). The 
family has option of either 8- or 16-bit system bus. The 8098 offers 
an external 8-bit bus. The 8k-byte EPROM version has onboard pro- 
gramming capability and read/write selectivity. 

2. New CMOS version 80C196 has twice NMOS performance. 

3. Four high-speed trigger inputs record times at which external events 
occur. Storage in 8-deep FIFO memory. 

4. Six high-speed pulse outputs can trigger external events at preset 
times. Commands are stored in 8-byte-deep content-addressable mem- 
ory. Output section can run as many as four software timers simultane- 
Ously. 

5. 16-bit watchdog timer allows recovery from hardware or software 
error. 


HARDWARE 


From Intel: Development kit ($2695) includes iSBE-96 emulator board 
and ASM-96 macroassembler and runs on IBM PC host as well as 
Intellec Series Ill and IV. Real-time emulation to 12 MHz. VLSICE-96 
advanced emulator provides real-time emulation as fast as 12 MHz and 
is hosted on IBM PC as well as Intellec Series Ill and IV. Intel also 
offers support hardware for the 80C196 chip. 

Programming support for EPROM versions supplied through Intel's line 
of universal PROM programmers as well as third-party programmers 
from companies such as Data |/O, Stag, and Elan. 
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——— CHARACTERISTICS 


SUPPORT 


16-BIT NMOS AND CMOS 


Intel Corp 

Chandler Microcontroller and ASIC Div 
5000 W Chandler Bivd 

Chandler, AZ 85226 

Phone (602) 961-8051 


For more information, Circle No. 466 


Status: This earliest of the 16-bit microcontrollers continues to have 
a large share of 16-bit market. However, because that market is still 
young, it’s too early to tell whether this will be another case of Intel 
dominance. National Semiconductor’s 16040 and NEC’s 783XX (78312), 
which are newer designs, are being aggressively marketed and could 
pose threats. Actually, with the growing popularity of ASICs, the defini- 
tion of this market is blurring; for now, any wP that is in core form in 
an ASIC library could have memory added and become a “C,”’ even 
Intel’s own 80188/186. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

8- and 16-bit signed and unsigned arithmetic in binary, including multiply 
and divide. 

Logicals. 

Bit, byte, word, and double-word operations. 

li—DATA-MOVEMENT INSTRUCTIONS 

Addressing modes include direct, immediate, indirect, indexed, and 
indirect with autoincrement. 

Load and store, push and pop. 

lll—PROGRAM-MANIPULATION INSTR 

Has calls, jumps, and returns. 

Conditional jumps upon Boolean functions of flags within +128 bytes 
of instruction. 

Iteration control of loops. 

IiV—PROGRAM-STATUS-MANIP INSTR 

Zero, sign, overflow, carry, overflow trap, interrupt enable, and sticky 
bit (records previous value of carry during right shifts). 

Can set and clear some bits. 


Specification summary: 16-bit ~C with split-memory architecture; 
8k-byte ROM and 232 bytes of register-file RAM on chip. External 
memory expandable to 64k bytes, with data bus dynamically program- 
mable as 8 or 16 bits. Register-to-register architecture with ALU operat- 
ing directly on register file. Has 8-channel, 10-bit A/D converter; four 
16-bit software timers; PWM output; five 8-bit 1/O ports; full-duplex 
serial port; and high-speed pulse |/O ports. At 12-MHz clock frequency, 
16-bit addition takes 1 psec, 16x 16-bit multiply or 32/16-bit divide 
takes 6.5 wsec. Average instruction-execution time is 1 to 2 psec. New 
CMOS parts have twice the performance of NMOS. In 48-pin DIP, 
68-pin PLCC, or 68-pin PGA. 


SOFTWARE 


From Intel: Macroassembler (ASM-96), PL/M-96, and C-96 compilers. 
PL/M and C compilers supply hardware-control features such as inter- 
rupts. Each software package includes relocation/linkage utility (RL-96); 
library management utility (LIB-96); object-to-hex conversion utility (OH- 
96); and FPAL-96, a 32-bit floating-point utility. Software packages run 
on IBM PCs and compatible computers. $750 for a single-user license. 
From Archimedes (San Francisco, CA): ANSI C-8096 compiler 
with additional features, such as control of interrupt. Hosted on IBM 
PC ($995), MicroVAX ($3995), and VAX ($5995). 

From Cybernetic Micro Systems (San Gregorio, CA): Graphics 
programming and simulation aids, which run on IBM PCs ($295 and 
$995, respectively). 
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NOW PUT A LITTLE 
AVANTEK MAGIC 


Avantek MagiC” 
High Speed ICs 
Enable Superior 
System Designs 


magic. 


The new MagIC™ series of silicon 
bipolar MSI integrated circuits 
offer the best performance 
available from silicon ICs yet. 
The broadband, high frequency 
performance of these high-speed 
silicon ICs make them cost- 
effective alternatives to more 
expensive GaAs ICs. Avantek 
MagIC silicon ICs are manufac- 
tured with Avantek’s proprietary 
10-15 GHz Ft, 25 GHz Fmax Isosat™ 
process for unsurpassed integra- 
tion and performance at micro- 
wave frequencies. Avantek’s 
MagIC series ICs presently con- 
sists of four product families: 
low noise amplifiers, active mix- 
ers, variable gain control ampli- 
fiers, and prescalers. These 
low-cost, high-speed silicon ICs 
are Avantek’s magic solutions 
to your RE, microwave and light- 
wave system performance and 
cost problems. 


High Performance, 
High Speed, 
Low Cost... 


The INA-series of two-stage low- 
noise amplifiers presently con- 
sists of three models, offering: 

e 3 dB bandwidths to 2.8 GHz 
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e Gains as high as 32 dB 

e Noise figures as low as 
1.7dB 

e Prices as low as $22.00 
each* in hermetic 70 mil 
surface mount package 


The IAM-series of active mixer/ 
amplifiers presently consists of 
two models, offering: 
e RF and LO frequency range 
of .05 to 5.0 GHz 
e Conversion gain as high as 
15 dB 
¢ LO power as low as —10 
dBm 
e Prices as low as $16.00 
each* in hermetic 180 mil 
surface mount package 


The [VA-series of variable gain 
control amplifiers presently con- 
sists of two models, offering: 


e 3 dB bandwidths to 3.0 GHz 
e 30 dB gain control range 


e Gains as high as 26 dB 

¢ Prices as low as $28.50 
each* in hermetic 180 mil 
surface mount package 


The IFD-series low phase noise 
static prescalers offer: 
e Divide-by-4 to 5 GHz 
e Low 125 mW Power Con- 
sumption 
e Prices as low as $18.50 
each* in hermetic 100 mil 
surface mount package 


*Price for 1000 piece quantities 


IN YOUR SYSTEM 


MagIC" ICs Are Avail- 
able in Quantity for 
Volume Applications 


Avantek presently produces 
more than 1,000,000 MMICs per 
month. So you can be assured 
the MagIC high speed ICs you 
need will be available to support 
your volume production pro- 
grams. And, all MagIC silicon 
ICs are in stock at your local 
Avantek distributor. 


For additional information, or 
the name and address of your 
local distributor, contact the 
regional sales office nearest you. 


Regional Sales Offices 

North America 
Eastern: (301 ) 381-2600 
Central: (312) 358-8963 
Western: ( 805 ) 373-3870 

European: (44) 276-685753 


_ 


Magic Solutions in Silicon 


(A AVANTEK 


CIRCLE NO 186 
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HPC16000 


AVAILABILITY: Now for 20- and 30-MHz parts. 

COST: Less than $5 in volume. 

SECOND SOURCE: None. 

CORE: The HPC family is core based. National says the family of 
standard parts is continuously growing. National offers a configurable 
controller approach based on a library of microcontroller building 
blocks. 


Description: 16-bit CMOS microcontroller family with basic version 
having 8k bytes of onboard ROM, 256 bytes of RAM, extensive 1/O, 
and onboard peripherals. Original 16040 had 16.8-MHz clock with 240- 
nsec register instruction execution. Due to shrinking, new HPC16083 
is offered in both 20-MHz and 30-MHz versions. The 30-MHz part’s 
shortest instructions are just 134 nsec over —55 to + 125°C. 


HARDWARE 


INSTRUCTION 
MICROCODE 
LOGIC 


16-BIT BUS | 


STATUS 


CAPTURE REG (3) 


TIMERS (7) 


WATCHDOG 
LOGIC 


wo 


ANALOG 
GROUND 


PORT D 


VReF 


PORT 1 PORTA PORT B PORT P 


Hardware notes: 

1. Family is designed around common pP core for instruction-set con- 
sistency, with various models having various assortments of on-chip 
peripheral functions. Onboard peripheral functions planned are ADCs, 
gate arrays for customization, dual-port RAMs for efficient interproces- 
sor communication (download/uploading), and EEPROMs. 

2. Microwire/Plus is used for synchronous serial data communications 
with supplier’s Microwire peripherals (ADCs, display drivers, EEPROM), 
COPS 4-bit ~Cs, 8050 8-bit ~Cs, and other HPCs for multiprocessing. 
3. Watchdog logic monitors operations and signals upon the occurrence 
of any illegal activity, such as infinite loops. 

4. Halt and idle modes provide additional power savings by stopping 
clock or disconnecting it. 

5. Emulator parts are available for the HPC family. 

6. wPI (Universal Peripheral Interface) port for connecting to wPs such 
as National’s 32000 family. 


HARDWARE 


A designer's kit is available for less than $500. Supplier’s HPC Develop- 
ment System costs approximately $7000 for the HPC family. A high-end 
development system will be available from Hewlett-Packard as part of 
the HPC64700 in 1990. Both development systems can be used in 
conjunction with various hosts like IBM PCs, PC/XTs, PC/ATs, VAXes, 
or HP9000 Series 300s. 


———— CHARACTERISTICS 


SUPPORT 


16-BIT CMOS 


National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95051 

Phone (408) 721-5000 


For more information, Circle No. 455 


Status: Supplier says HPC16040 and 16083 are first members of 
what is to be a family of industrial controllers. Supplier's benchmarks 
(August ’86 with HPC at 17 MHz) indicate that HPCs outperform other 
similar 8- and 16-bit controllers such as Intel 8051 and 8096, Motorola 
68HC11, and TI370 on both throughput and ROM-program efficiency. 
NEC 78XXX and Zilog Super Z8 weren’t mentioned. Some Dataquest 
numbers show the HPC as the largest selling 16-bit CMOS microcontrol- 
ler. This family is from the same group at National that has produced 
National’s most successful ~P/wC, the 4-bit COPS. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

8- and 16-bit arithmetic in binary, including multiply and divide with 
32-bit results. 

Logical AND, OR, XOR, and compares. 

Bit manipulation of all registers and through all 64k address space. 
li—DATA-MOVEMENT INSTRUCTIONS 

10 addressing modes: register B indirect, register X indirect, direct, 
indirect, indexed, immediate, register indirect with autoincrement/decre- 
ment, register indirect with autoincrement, and skip. 

Instructions include load, store, push, pop, and exchange. 
lli—PROGRAM-MANIPULATION INSTR 

Calls, jumps, returns, and conditional jumps implementing high-level- 
type constructs. 

iV—PROGRAN-STATUS-MANIP INSTR 

There is a carry bit and several status registers. They may be manipu- 
lated as all bits in register space, and in 64k address space, they may 
be set, reset, and tested. 


Specification summary: 16-bit CMOS »C and uP with memory- 
mapped architecture and 8k-byte ROM and 256-byte RAM on chip. 
External memory expandable to 544 bytes or more. 16-bit-wide archi- 
tecture includes data bus, ALU, and registers. Has eight programmable 
16-bit timers, eight vectored interrupts, full-duplex UART with program- 
mable baud rate, PWM outputs, 10 timer-synchronous outputs, four 
input-capture registers, 52 general-purpose 1|/O lines. Performance of 
16083 at 20 MHz is 200 nsec for register operations and 6 psec for 
16x 16 multiply and 32/16 divide. Performance of 16083 at 30 MHz is 
134 nsec. Supplier says its ‘“microCMOS”’ process will consume 47 
mA at 20 MHz. Idle instruction will reduce this to 1 mA, and halt instruc- 
tion will drop it to 200 pA. Supply range is 4 to 5.5V. Available in 
industrial (— 40 to + 85°C) and extended (— 55 to + 125°C) temperature 
ranges (MIL-STD-883 now). In 68-pin PLCC, LCC, 68-pin PGA, and 
84-pin TapePak. 


COMMERCIAL 
VERSION 


INDUSTRIAL 
VERSION 


MIL 
VERSION 


ROM 
EPROM 


TIMER 


RAM vo BASE 


(0TO 70°C) | (-40TO +85°C) | (-55TO +125°C) | (BYTES) | (BYTES) | PINS | COUNTERS | OTHER 
HPC46003 HPC36003 HPC16003 ROMLESS 256 52 8 4 INPUT 
CAPTURE 
REGISTERS 
HPC46004 HPC36004 HPC16004 ROMLESS §12 52 8 4 INPUT 
CAPTURE 
REGISTERS 
HPC46064 HPC36064 HPC16064 16.0k 512 52 8 4 INPUT 
CAPTURE 
REGISTERS 
HPC46083 HPC36083 HPC16083 8.0k 256 52 8 41NPUT 
CAPTURE 
REGISTERS 
HPC46104 HPC36104 HPC16104 ROMLESS 512 52 8 4 INPUT 
CAPTURE 
REGISTERS 
AND 
8-CHANNEL 
ADC 
HPC46164 HPC36164 HPC16164 16.0k 512 52 8 4 INPUT 
CAPTURE 
REGISTERS 
AND 
8-CHANNEL 
ADC 
HPC46400 HPC36400 HPC16400 N/A 256 56 4 HDLC & DMA 
HPC46400* HPC36400E HPC16400E N/A 256 56 4 HDLC & DMA 
HPC467164* HPC367164 HPC167164 16.0k 512 52 8 EPROM & 
ONE-TIME- 
PROGRAN- 
MABLE 
DEVICE 
HPC46083MH 8.0k 256 52 8 EPROM 
*AVAILABLE IN 1990 
ALL DEVICES HAVE 8 INTERRUPTS, IMPLEMENT THEIR STACKS IN RAM, HAVE AT LEAST 1 SERIAL I/O PORT, AND COME IN 68-PIN 
PACKAGES. 


Cross-assembler and C compiler to run on IBM PC. VAX (Unix/VMS) 
support is available, as is a symbolic debugger. Floating-point math 
and general math packages are currently available. Extensive applica- 
tion software is available for ISDN and SCSI. 

Dial-A-Helper is a 24-hr on-line computer bulletin board serviced by 
National. It provides latest information on all National .C chips (includ- 
ing development systems) and also specific application support. Call 
(408) 739-5582 for more information. 
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Data Acquisition if your wish is fora custom 


program, CEC also offers software that writes 


and Instru ment ‘488 programs. Simply pop up our software over 
Control at Your your program editor and select a control function 


or library for your instrument. Code is auto- 
matically generated trom your choices. 


With the CEC genie your wishes Press akey and the magic begins. Ine code 
cometrue. Youcancontrolany|IEEE-488 | B = appears where you want it in your program. 
(HP-IB, GP-IB) instrument, printer, or | : Now, make your wishes come true 
plotter from your PC. =| by calling 800-234-4232 for your 

CEC’s plug-in cards come jg FREE demo disk. 
with a software library of ex- 
ample programs and utilities 
that let you spend more time 
solving problems than program- 
ming. CEC provides software support 
for BASIC, Pascal, C, and FORTRAN. 
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Fingertips 


* Capital Equipment Corp. 
99 South Bedford Street 
Burlington, MA 01803 


Tel: 617-273-1818 Fax: 617-273-9057 
CIRCLE NO 74 155 
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RTX 2000 


AVAILABILITY: The RTX 2000-8 (8 MHz), the RTX 2000-10 (10 MHz), 
and the RTX 2001A-8 and -10 are available now in 84-pin PGA and 
PLCC packages. 

COST: In 100-piece quantities: 8-MHz RTX 2000 starts at $136; the 
10-MHz version starts at $179; the 8-MHz RTX 2001A starts at $57; 
the 10-MHz RTX 2001A starts at $89. 

SECOND SOURCE: Zoran Corp (Santa Clara, CA). 

CORE: Available in the Harris Advanced Standard Cell and Compiler 
library. 


Description: The RTX 2000 is a high-performance 16-bit »P with 
on-chip timers, interrupt controller, multiplier, and two 256-word stacks. 
The manufacturer claims that the chip offers a sustained performance 
greater than 10 MIPS, because each instruction requires only one clock 
cycle for execution. The chip’s architecture lets designers add hardware 
accelerators and |/O devices that extend the chip’s basic structure. 
The CMOS RTX 2000 operates between dc and the maximum clock 
rate. Power consumption is typically 5 mA/MHz. 


HARDWARE 


RTX2000 


RETURN 
STACK 


REGISTERS. 
MULTIPLER, 


TER 
PAEAMETE AND CONTROL 


STACK 


CONTROL 
SIGNALS 


ASIC BUS 
INTERFACE 


MEMORY BUS 
INTERFACE 


ADDRESS DATA CONTROL ADDRESS DATA CONTROL ICLK 
WAIT 


RESET 


PCLK 
TCLK 


Hardware notes: 

1. Diagram shows basic RTX 2000 architecture. The 2001A is a smaller 
version that lacks the hardware multiplier. 

2. The ASIC-bus interface lets designers extend the chip’s basic archi- 
tecture with peripheral and I/O devices. 


HARDWARE 


From Harris: A Real-Time Express Development System (10 MHz, 
TRXDS-10; $2995) runs from within an IBM PC or compatible. Harris 
also offers 8- and 10-MHz development boards (from $1495) for those 
who want to write their own development software. 

From others: The MicroProcessor Engineering (Southampton, UK; 
US agency is AMICS Enterprises, Rochester, NY) Power Board is a 
stand-alone unit that furnishes a variety of 1/O ports and 500k bytes 
of RAM. VME Inc (Milpitas, CA) offers VMEbus development systems 
and stand-alone boards based on the RTX. Future Inc (Blacksburg, 
VA) sells IBM PC/PS2 and Apple Macintosh development environments 
for the RTX. 


SUPPORT 


16-BIT CMOS 


Harris Semiconductor 
Box 883 

Melbourne, FL 32902 
Phone (407) 724-7418 


For more information, Circle No. 456 


Status: Although Harris places its RTX 2000 in a RISC microcontroller 
category, the chip fits into the general-purpose yP category, too. The 
company expects that most of the chip’s applications will fall into the 
real-time embedded-control realm. Because the chip directly executes 
Forth-language commands, Harris expects that designers will find it 
relatively easy to do real-time software development. Harris designed 
the RTX 2000 using its advanced standard-cell and compiler library. 
Thus, designers can incorporate the device into ASIC chips. 


—— CHARACTERISTICS ———— SOFTWARE 


i—DATA-MANIPULATION INSTRUCTIONS 

Full set of math and logic instructions, which includes a single-cycle 
16 x 16-bit multiplication operation as well as division and square-root 
operations. The architecture also allows 16- and 32-bit shifts. You can 
directly manipulate the top element of either the return or the parameter 
stack. 

li—DATA-MOVEMENT INSTRUCTIONS 

Access memory as bytes or words. 

Memory-to-stack or stack-to-memory operations require two cycles. 
Combine memory or |/O operations with ALU operations. 

Access memory in LSB-MSB or MSB-LSB order. 

‘Streamed’ memory access with automatic address update. 

Access to 1M byte of memory space through page register. 
lll—PROGRAM-MANIPULATION INSTR 

Intrapage calls require one cycle; interpage calls take three cycles. 
Return operations require either zero or one cycle. 

Single cycle conditional or unconditional branch operations. Conditional 
branches depend on the top-of-stack or on the index registers. 
Single-level software interrupt. 

IiV—PROGRAM-STATUS-MANIP INSTR 

Flags include interrupt enable, interrupt pending, carry, complex carry, 
byte order, and boot. 

Automatic interrupt enable on return-from-interrupt operation. 


Software notes: 

1. The RTX 2000 directly executes Forth-language statements—there 
is no assembly language. 

2. Harris claims that the stack architecture is flexible enough that the 
chip can efficiently run many popular computer languages. The chip 
contains a parameter and a return stack. 


Specification summary: 16-bit CPU with 1M-byte address space. 
Bus cycles execute in 100 nsec with a 10-MHz clock. All instructions 
execute in 1 or 2 cycles, and the memory bus is active during every 
cycle. Additional |/O bus for high-speed transfer operations occurs 
simultaneously with memory-access and processing operations. The 
architecture includes two 64-word stacks, both of which may be active 
when memory- and |/O-transfer operations take place. Harris claims a 
peak data-transfer rate of 80M bytes/sec. On-chip peripheral devices 
include 3 counter/timer units and a 16-bit multiplier. The 107,000 mil? 
RTX 2000 or 80,000 mil? RTX 2001A come housed in an 84-pin PGA 
or an 84-pin PLCC package. 


SOFTWARE 


From Harris: Available software includes a target/host monitor; a 
PC-based Forth development system; an RTX Forth cross-compiler; a 
disassembler; and a DOS file utility program. A Forth kernel and a 
multitasking operating system are available. 

From others: Laboratory Microsystems (Marina del Rey, CA), Forth 
Inc (Manhattan Beach, CA), and others have software packages for the 
RTX 2000 »P. MicroProcessor Engineering's Power Forth for its devel- 
opment board is an extended Forth-83 development environment. 
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sPEED 


DEVELOPMENT 


Versatile Software 


Development System 


4505 the Power to Perform 


At Stag we figured that microprocessor 
software development should be 
exciting rather than a chore. 


Which is why we insure our Versatile 
Software Development System 
(VSDS) will produce code for all 
popular processors and fast — very 
fast. 


So much so it makes other development 
methods appear positively uninspiring. 


A view which is shared by EDN and 
contained in an independent article, 
June 8, 1989. 


CIRCLE NO 75 


West Coast: 


East Coast: 


YoU 


1600 Wyatt Dr, Santa Clara, CA 95054 
Tel: (408) 988-1118 Fax: (408) 988-1232 


3 Northern Blvd, Amherst, NH 03031 
Tel: (603) 673-4380 Fax: (603) 673-1915 


Being a truly integrated system, VSDS so 
outdistanced the competition it leaves 
people asking... what competition? 


So if you would like to read what they said, 
just call us ‘Toll Free at (800) 222-STAG 
(East) or (800) 227-8836 (West) and 


we'll send you a copy. 


At the same time you might like to discuss 
your particular application with one of 
our engineers who will explain precisely 


where VSDS really scores. 


You'll quickly discover what life is like 
back in the fast lane — which is where 
you ll want to stay. 
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T222, T425, T800 TRANSPUTER 


AVAILABILITY: Now for 20- and 25-MHz parts; 30-MHz devices are 
planned for 1990. 

COST: In 100 quantities: T222, $57; T425, $146; T800, $348. 
SECOND SOURCE: None, but with Inmos’s recent acquisition by 
SGS-Thomson, a second fabrication plant in Carrollton, TX, has been 
committed to Transputer production. 


Description: The Transputer family is a range of 16/32-bit wPs. Each 
member is fully software compatible and conforms to the same basic 
architecture. The Transputer has both RISC and CISC features; there 
is a microcode ROM, but a number of commonly used instructions 
execute in one cycle. Each Transputer has a CPU, 4k bytes of on-chip 
single-access static RAM, 4 serial links, timers, and an external memory 
bus. T8XX variants have an on-chip, 64-bit floating-point unit. The 
Transputers can communicate through their serial links, with no external 
logic, to other Transputers, suggesting multiprocessor-system applica- 
tions. The serial links are DMA channels into the Transputer memory 
system and allow software processes to run on independent 
Transputers and communicate directly via the links. 
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Hardware notes: 

1. Diagram is for T425. T800 is the same but adds an FPU. T801 is the 
same as the T800 except that the external memory interface is a 
nonmultiplexed data/address bus instead of the T800 multiplexed bus. 
T222 is the same as the T800 except that it has a 16-bit internal architec- 
ture and the floating-point unit has been removed. 

2. Unlike most 32-bit machines, there’s no group of general-purpose 
registers. Instead, substantial on-chip RAM plays equivalent role. 

3. ALU fed from 3 accumulators forming a small 3-deep stack, allowing 
compact implied addressing. 

4. The four serial links allow arrays of Transputers in multiprocessing 
with no bus saturation, which is why speed increase is said to be linear 
when more uPs are added. 


HARDWARE 


T800, T414, and T212 are available as discrete components in a variety 
of packages including PGA, PLCC, and ceramic quad flatpack. Speed 
options are 17, 20, and 25 MHz. 30 MHz is planned for ’90. Multipro- 
cessor boards are built by simply plugging the required modules. Each 
module has a standard 16-pin interface with the 4 serial links, power, 
grid, reset, and analyze pins available. Inmos provides mother boards 
for PC, VME, and Eurocard environments; third parties support host 
systems such as Macintosh, PS/2, and Q-Bus for MicroVax. Modules 
are supplied by Inmos and third parties, for example, IMS B411 with 
IMS T800 and 1M-byte dynamic RAM, or IMS B404 with 2M-bytes 
dynamic RAM and 32k bytes static RAM. Application modules such 
as Ethernet and graphics modules are also available. 


——— CHARACTERISTICS 


SUPPORT 


16/32-BIT CMOS 


inmos Corp 

Box 16000 

Colorado Springs, CO 80935 
Phone (719) 630-4000 


For more information, Circle No 457 


Status: Volume buildup has been slow. One possible explanation is 
that most of the applications have been for multiprocesssor configura- 
tions (typically 4 to 10 Transputers), so designers have been engrossed 
by the challenge of developing practical parallelism. There are now 
over 1000 designs worldwide using the Transputer, and the new owner, 
SGS-Thomson, is expanding production capabilities with a second 
manufacturing plant in the US. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Integer arithmetic, including multiply and divide. Logicals, shifts, and 
comparisons. T800 has on-chip IEEE floating-point add and subtract, 
multiply and divide, and square root, both 32 and 64 bits. 
li—DATA-MOVEMENT INSTRUCTIONS 

Memory-bandwidth block moves, 2-dimensional block moves for graph- 
ics BitBit. Load/store of local variables done relative to workspace 
pointer. Indexed load/stores available from address in A register. Imme- 
diate loads done 4 bits at a time. Large immediate values loadable from 
tables, instruction stream, or a sequence of special instructions. 
lli—PROGRAM-MANIPULATION INSTR 

Conditional and unconditional jumps. Procedure call and return. Sub- 
routine call and return. Computed jumps. Process (task) creation and 
deletion. 2-level priority and time-sliced scheduling with message pass- 
ing and time events, using built-in hardware. One level of interrupt. 
IiV—PROGRAM-STATUS-MANIP INSTR 

Error flag detects overflow. Test, set, clear, stop-on-error instructions. 
One error flag per task priority level. Instructions for checking array 
bounds. 


Software notes: 

1. Frugal 4-bit operation code allows only 16 basic instructions. Most 
of these are movement types (category Il) involving one workspace- 
pointer-relative 4-bit address and used to push and pop data on and 
off evaluation stack. 

2. Two priority-ordered process queues are each supported by front 
and back registers, indicating a linked list of processes ready to run. 
Event-based multitasking is fully supported by a real-time kernel in 
microcode. 

3. Supplier's Occam language said to facilitate programming multiple 
Transputer systems, but programmer must still study how best to parti- 
tion task. Third parties have announced extensions to C to accomplish 
same ends. 


Specification summary: Family of 16- and 32-bit ~Ps designed for 
multiprocessing. Unique in that they have the hardware and software 
links that allow them to be hooked to each other for parallel processing. 
Four full-duplex, 20M-bps serial links driven by on-chip, 8-channel DMA 
provide basic multiprocessor communication links as well as 1/O. One 
5-MHz external clock generates 20-MHz chip clocks, giving 50-nsec 
instruction cycle. Submicrosecond interrupt latency, procedure call, and 
task switch. Most instructions take 1 or 2 cycles. Integer multiply takes 
38 cycles, and divide takes 39 cycles (under 2 psec). Single-precision 
floating-point add takes 7 cycles (350 nsec), floating-point multiply takes 
11 to 18 cycles (550 to 900 nsec), and floating-point divide takes 16 
to 28 cycles (800 to 1400 nsec). 


SOFTWARE 


Inmos supplies compilers for standard hosts such as the IBM PC, 
VAX(VMS), and Sun. These compilers include a parallel Kernigan and 
Ritchie C compiler, a parallel Fortran compiler to ANSI X3.9-1978, an 
Occam compiler, and a Pascal compiler to ISO 7185 and BSI 6192 
1982. Third parties supply a range of other compilers including Ada, 
Modula 2, and Prolog as well as C and Fortran compilers. 
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The Third 


Vision 


Are you a sound or vibration engineer working in testing and development? Do you design electronic circuits with 
precision filters or amplifiers? Do you calibrate analyzers, voltmeters or attenuators? Are you involved in the 
testing of telecommunication ultrasonic transducers or A/D converters? 


If you answered yes to any of these questions then the Brtiel & Kjeer Sine/Noise Generator Type 1054 is the 
instrument for you. It is now incorporated in a vision — the third vision. Our vision encompasses a family of 


complementary gold standard generators, combining superb accuracy, extremely fast operation and top-quality signal purity. 


It gives you: 


O 


O 


Wide frequency range (0,01Hz — 2,54MHz; resolution 
10mHz) covering more than seven frequency decades 
Extra low distortion at high frequencies for less interfer- 
ence (typically -60dB at 1 MHz) 

High stability, resolution and accuracy in both amplitude 
and frequency domains for greater repeatability of 
measurements 

Comprehensive narrow band and wide band (pink/white) 
noise modes 


O 


Oo @ 


Versatile frequency and amplitude sweep facilities, in- 
cluding tone-burst and signal envelopes for comprehensive 
testing 

Compressor facility for real-time equalization of shakers 
and sound sources 

Continuous phase for transient-free change of frequency 
Fast IEEE bus for quicker test command execution 


For complete information on the Briiel & Kjzer Sine/Noise Generator Type 1054 circle the reader service number or contact 
your nearest Briiel & Kjzr office now. 


Bruel & Kjzer 


=. 
“44 1, 
(TPS 


es a 


89-088 


WORLD HEADQUARTERS: DK-2850 Neerum - Denmark - Telephone: +45 42800500 - Telex: 37316 bruka dk : Fax: +45 42801405 


Australia (02) 450-2066 - Austria 02235/7550*0 - Belgium 02- 242-97 45 - Brazil (011) 246-8149/ 246-8166 - Canada (514) 695-8225 - Finland (90) 8017044 

France (1) 64572010 - Federal Republic of Germany 04106/70 95-0 - Great Britain (01) 954-2366 - Holland 03 402-39 994 - Hong Kong 5-487486 - Hungary (1) 338305/33 8929 
Italy (02) 5244141 - Japan 03-438-0761 - Republic of Korea (02) 554-0605 - Norway 02-78 7096 - Portugal (1) 659256/65 9280 - Singapore 225 8533 - Spain (91) 268 1000 
Sweden (08) 7112730 -: Switzerland (042) 651161 - Taiwan (02) 7139303 - USA (508) 481-7000 - Local representatives and service organisations world-wide 


EDN November 28, 1989 


CIRCLE NO 76 
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Z8000/Z80000 


AVAILABILITY: Now for NMOS Z8000 at 4, 6, 10, and 12 MHz. Now 
for NMOS Z80000 at 8 and 10 MHz. CMOS version for Z8000 is called 
16C00. CMOS for Z80000 will be available in ’90. 

COST: $9.96 for Z8000 (10k) in PLCC package. 

SECOND SOURCE: AMD (licensed), SGS-Thomson, and Sharp for 
Z8000. NEC for Z80000, by mask exchange. 

CORE: Zilog has both Z8000 and Z80000 as cores in its ‘‘in-house”’ 
ASIC library, planning to use Zbus for its systems on silicon. Says that 
160 x 160-mil Z8000 core is small enough to leave room for other func- 
tions on practical 400 x 400-mil ASIC chip. 


Description: One of first Ps to have architectural features of a mod- 
ern minicomputer. Original 16-bit Z8000 comes in 40-pin package for 
addressing 64k-byte memory or in 48-pin package for addressing 8M- 
byte memory. Said by many industry observers to be architecturally 
more powerful than 8086 but less powerful than 68000. Supplier says 
military has found it to be highest performance 16-bit P, offering best 
CPU speed, interrupt handling, and character-string search. 32-bit ver- 
sion, Z80000, is superminicomputer-like enhancement that remains ob- 
ject-code compatible with the Z8000. Has cache for data and instruc- 
tions and an MMU. 
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Hardware notes: 

Supplier has companion peripherals suitable for both processors: 

For Z8000, a range of DMA, FIFO, data ciphering (NBS), communica- 
tions, and counter/timer parts. 

For Z80000, two 32-bit parts: a Z32104 CMOS DMA controller, which 
contains 32-bit address and data buses with 8-bit peripheral bus; and 
a Z32106 CMOS floating-point coprocessor that implements IEEE P754 
format. 


HARDWARE 


From Zilog: Z-Scan 8000 in-circuit emulator ($5500). 500-pg Z8000 
technical manual. 

From others: Applied Micro, Boston Systems, Hewlett-Packard, Kon- 
tron, Orion, Single Board Solutions, Sweet Micro System, and 
Tektronix. Contact supplier for addresses. 


———— CHARACTERISTICS 


SUPPORT 


16/32-BIT NMOS AND CMOS 


Zilog Inc 

210 Hacienda Ave 
Campbell, CA 95008 
Phone (408) 370-8000 


For more information, Circle No. 458 


Status: The Z8000 has found most acceptance in real-time control 
applications, particularly military, according to Zilog. The company has 
added the Z16C00 16-bit CMOS microcomputer to the family for real- 
time embedded control applications. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic, including add, subtract, decimal adjust, increment, decre- 
ment, multiply (Signed), divide (signed). 

Logicals, including AND, OR, exclusive OR, compare, test, complement, 
rotate, and shift (by n). 

Operations can be on bit, BCD nibble, byte, 16-bit word, or 32-bit 
double word, and can use any of the 16 general-purpose registers as 
accumulator. 

The Z32106 floating-point processor will do IEEE-754 operations. 
li—DATA-MOVEMENT INSTRUCTIONS 

Eight addressing modes using general-purpose registers as indexers 
and stack pointers. 

Comprehensive set of block-transfer and string-manipulation mac- 
roequivalents, including many dedicated to |/O space. 
lli—PROGRAM-MANIPULATION INSTR 

Call and call relative (+ 4096 bytes). 

System call using special system stack pointer. 

Jump conditionals. 

IiV—PROGRAM-STATUS-MANIP INSTR 

Set and reset flags, complement flags. Set-multiple-interrupt modes. 
Tests for the micro-in and micro-out lines for multiple-microprocessor 
configurations. 

V—SYSTEM-CONTROL INSTRUCTIONS 

The 80000 has privileged instruction for exclusive use by an operating 
system. 


Specification summary: Common-memory architecture with op- 
tional separate |/O space and separate ‘‘systems’’ stack. Z8000 is 
16-bit »P that has directly addressable memory space of 8M bytes 
(8001, 8003) using segment pointers, expandable to 48M bytes using 
the six available memory spaces and an MMU. Executes 110 basic 
instructions with 410 combinations at speeds ranging from 0.30 psec 
through 1 or 2 psec to 7 psec for 16-bit multiply, all at 10-MHz system 
clock (4 and 6 MHz also available). Eight large-computer-style address- 
ing modes. NMOS, requiring one 5V supply (plus substrate-decoupling 
capacitor), in either 40- or 48-pin package. Z80000 is a 32-bit upwardly 
compatible version of Z8000 and can run same software. 6-stage pipe- 
lining of instruction fetch/execute cycle and 256-byte on-chip associa- 
tive cache for instructions and data for improved performance (and use 
of 100- to 120-nsec memories). Also on-chip MMU for virtual memory 
with address bus a full 32 bits for 4G-byte memory space. At 25-MHz, 
clock has 12.5-MHz (80-nsec) instruction cycles that give 12.5-MIPS 
burst rate (when doing loops out of cache) and 5 MIPS continuously 
(4 MIPS with MMU virtual-memory translation). 16 x 16 multiply in 1.2 
wsec and 32x 32 in 1.9 psec. 2-4m NMOS dissipates 3 to 4W. Initial 
samples have been packaged in ceramic PGAs, but lower-cost Z80320 
will have muxed address and data buses and be in 68-pin PLCC. 


SOFTWARE 


From Zilog: Real-time application software (PC-based). C and PLZ/ 
SYS compilers. 

From others: Real-time executive from Ready Systems (Palo Alto, 
CA), VRTX/8002 ($5775), which is suited to embedded applications, 
and an Ada compiler ($795) from Meridian Software Systems (Laguna 
Hills, CA). Contact supplier for names and addresses of others. 
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1750A 


AVAILABILITY: Now from Allied-Signal Microelectronics Center, LSI 
Logic, and United Technologies Microelectronics Center (UTMC). 
COST: Allied-Signal charges $760 (1000) for its part screened to 883C 
level B. The LSI Logic part costs $900 (100). The full 883C part from 
UTMC, to Standard Military drawings (SMD), costs $704 (100), and for 
full military temperature and high-reliability screening, the part is $624. 
SECOND SOURCE: In negotiation. 


Description: MIL-STD-1750A defines an instruction set architecture 
for airborne computers. The standard leaves the implementation to the 
discretion of the chip vendors. The 1750A standard was developed to 
allow the use and re-use of available software support, such as compil- 
ers and instruction-level simulators. Radiation-hardened versions of 
many of the 1750A implementations are available. 
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HARDWARE 


UTMC provides application information for customer-fabricated VME 
boards. You can use a PC with the software tools to provide interactive 
simulation and debugging of system configurations. 

Allied-Signal Microelectronics Center offers a development system for 
the A-S BX1750A that converts an IBM PC into a real-time, mappable 
monitor/debugger. An Ada source-level interface is under development. 
Mikros Systems (Mercerville, NJ) has a single-board computer with 
debug monitor, 64k bytes of RAM, and two RS-232C console interfaces. 
Call UTMC for contact phone numbers. 

Tasco (Bellevue, WA) has an ICE pod for the HP 64000 development 
system. Call LSI Logic for contact phone numbers. 
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——— CHARACTERISTICS 


SUPPORT 


16/32-BIT CMOS 


Allied-Signal 
Microelectronics Center 
9140 Old Annapolis Rd 
MD 108 

Columbia, MD 21045 
Phone (301) 964-4047 


For more information, 
Circle No. 737 


United Technologies 
Microelectronics Center (UTMC) 
1575 Garden of the Gods Rd 
Colorado Springs, CO 80907 
Phone (800) 645-8862 


For more information, 
Circle No. 739 


LSI Logic 

1501 McCarthy Bivd 
Milpitas, CA 95035 
Phone (408) 433-7557 


For more information, 
Circle No. 738 


Status: The Allied-Signal 40-MHz device has been in production for 
2 years. A 50-MHz version will extend performance to 6.0 MIPS on the 
integer DAIS (Digital Avionics Instruction Set) mix and to 4.1 MIPS on 
full DAIS with floating point. The Allied-Signal MMU chip and LSI Logic’s 
1750A processor are also in production. UTMC’s unit is in full produc- 
tion as an 883C product to the Defense Electronics Supply Center 
(DESC) standard military drawing. UTMC offers the device to 10° total 
dose radiation hardness to data-sheet specifications. 


SOFTWARE 


iI—DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply, divide, and compare. Logicals and shifts. The 
instructions also provide bit-manipulation capabilities such as set, reset, 
and test. Single- and double-precision fixed floating-point and extended 
floating-point formats. 

lli—DATA-MOVEMENT INSTRUCTIONS 

Instructions let you move data from register to memory, memory to 
register, between registers, and to the stack. Loads and stores in all 
formats plus test and set-bit operations. 
lli—_PROGRAM-MANIPULATION INSTR 

Conditional and unconditional jumps and branches. Calls are also sup- 
ported. Stack management instructions suitable for high-level lan- 
guages. Handles 16 levels of prioritized interrupts. 
iV—PROGRAM-STATUS-MANIP INSTR 

Emulation-mode status register accessible through input/output instruc- 
tions. Instructions for accessing status, interrupt mask, and fault regis- 
ters. 


Specification summary: The Allied-Signal version is a single-chip 
implementation that includes timers, counters, a hardware multiply and 
a floating-point unit. The LSI Logic L64500 1750A implementation has 
a 16-bit CPU, which is expandable to 32 bits, depending on the opera- 
tion. Like the other 1750As, the L64500 uses separate address and 
data buses to enhance system performance. You can augment the LSI 
Logic device with the L64550 to implement optional enhancements to 
the MIL-STD-1750A. The L64550 includes an MMU with memory-ex- 
pansion capabilities to 1M words, a block protect unit, a memory fault 
status register, a bus arbitration unit with six bus masters, the start-up 
ROM interface, an |/O port, a trigger-go counter, and other options. 


Hardware notes: 

Diagram is for the UTMC 1750AR. The unit functions as a stand-alone 
RISC processor providing 8 MIPS at 16 MHz. In the 1750A operation 
mode, a throughput of 750 kIPS (thousand instructions/sec) at 12 MHz 
is achieved using the DAIS mix. The basic ~P accepts 64k bytes of 
memory, which you can expand to 1M byte by using an MMU. The 
chip supports the 1750A console mode. 


SOFTWARE 


Assemblers and compilers are available from several outside sources. 
Mikros Systems offers high-level debug software for their single-board 
computer/IBM PC system. 

UTMC offers a software package to aid in the development and debug- 
ging of system software and hardware. The software tool kit consists 
of a RISC Monitor or 1750 Monitor, along with an interactive RISC 
simulator. 
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340X0 GRAPHICS ,..P FAMILY 


AVAILABILITY: Now for 34010 and 34020. The 34082 floating-point 
unit is in early sampling. 

COST: The 34010 costs $40 (10k); the 34020 costs $110 (10k); and 
the 34082 floating-point unit costs about twice as much as the 34020 
for samples. 

SECOND SOURCE: Under active consideration. 


Description: This 32-bit CMOS wP family is optimized for graphics- 
display systems. But because it has true general-purpose Von Neu- 
mann architecture, it can be used for other applications that need the 
same bit manipulations that are required in pixel manipulations of CRT- 
type raster graphics. Features built-in instruction cache and ability to 
simultaneously access memory and registers. In addition to regular 
wP instructions, it has specialized instructions for pixel manipulation. 
1G-byte address space is bit addressable on bit boundaries using vari- 
able-width data fields (1 to 32 bits). The 34010 has a multiplexed exter- 
nal 16-bit address/data bus, whereas the 34020 is a full 32-bit machine. 
The 34020 has additional enhancements including more graphics-spe- 
cific instructions, but it is also upwardly object-code compatible with 
the 34010. 
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Hardware notes: 

1. Diagram represents 34010. 

2. Added graphics features are embodied in the second 16 x (32) regis- 
ter file and among 28 16-bit I/O control registers. They allow program- 
mable pixel and pixel-array processing for both monochrome and color 
systems of variable pixel sizes. Hardware incorporates 2-operand ras- 
ter operations with Boolean and arithmetic operations, x-y addressing, 
window clipping, window ‘‘pick’’ operations, 1-to-n bits/pixel trans- 
forms, transparency, and plane masking. 


HARDWARE 


From TI: TMS34010 software development board ($1495), which plugs 
into IBM PC or compatible. Used for evaluation, familiarization, and 
software development, and comes with user interface and debugger 
software. TMS34010 XDS/22 emulator box ($14,995) operates as a 
stand-alone unit with nonintelligent terminal or with IBM PC or compat- 
ible as host. The TMS34020 Software Development Board and Hard- 
ware Emulator System will be introduced first qtr 90. 

From others: Board-level and other hardware support now available 
from numerous sources. See Tl’s TMS 34010 3rd-Party Guide (call 
(800) 232-3200, ext 701, and ask for literature No. SPVBO66B). 


——— CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


Texas Instruments Inc 
MOS Microcomputers 
Box 1443, MS736 
Houston, TX 77001 
Phone (713) 274-2340 


For more information, Circle No. 740 


Status: This P family is included in the directory despite its obviously 
specialized slant toward CRT graphics because it has a general-pur- 
pose Von Neumann architecture and instruction set. Also, some of its 
attributes can be equally applied to other, nongraphics applications. 
In particular, the P is included because of its ability to do rapid bit 
manipulation of a large local address field. From the number of IBM 
PC-based board-level products that incorporate this part, it can be 
concluded that it is a success. One nongraphic area being explored 
by users is industrial control, where bit manipulation and low cost 
relative to other 32-bit wPs is attractive, according to TI (even for con- 
sumer-oriented uses such as arcade games). In some cases, designers 
in nongraphic areas are making clever use of some special graphics 
features. Tl began sampling the 34020 in March ’89. Volume production 
is planned for the first qtr ’90. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

General-purpose P instructions: add and subtract, multiply and divide, 
rotate and shift, compare and logicals. 

Special graphics instructions: add, subtract, and comparisons relating 
to x-y coordinates. 

li—DATA-MOVEMENT INSTRUCTIONS 

General purpose: Move byte, move field, move register. 

Special graphics instructions: Move x half of register, move y half of 
register, pixel transfer, pixel block transfer. 
lli—PROGRAM-MANIPULATION INSTR 

Call subroutine, conditional decrement and skip, push/pop, software 
interrupt, return from interrupt. 

iV—PROGRAM STATUS-MANIP INSTR 

Has 32-bit status register (not all bits used) that can be accessed and 
used for program-manipulation decisions. 


Specification summary: 32-bit general-purpose COS processor 
with added hardware and software features to support CRT raster 
graphics. Chip contains two 16x(82) register files, hardware stack 
pointer, and 256-byte instruction cache. One of the 16-word register 
files contains stack pointer and 15 general-purpose registers (the 
equivalent of the general-purpose registers found in regular nonspecial- 
ized ~Ps). Addressing modes of these registers are tuned to support 
high-level languages. Other register file is dedicated to CRT control 
as described in hardware note. Has 32-bit-wide address-data bus to 
support a gigabyte of off-chip ‘‘local’’ memory space. Interfaces directly 
to dynamic RAMs and video RAMs (including dual-port RAMs). A micro- 
coded local memory controller supports pipelined memory write opera- 
tions of variable-size fields that may be executed in parallel with ALU 
operations. Has separate 16-bit-wide data bus and associated control 
pins to interface with host pP. Fabricated in 5V CMOS and packaged 
in 68-pin PLCC. The new chip is compatible with the 34010, but provides 
a 512-byte cache and supports 1M-bit video-RAM chips. 


SOFTWARE 


From Ti: TMS34010 assembler package ($500) for IBM PC and com- 
patibles using MS-DOS 2.11 or higher and for VAX ($1000) using VMS, 
Unix Berkeley 4.2, or Unix System V. Includes macroassembler/linker, 
source/object-code archiver, and ROM utility. MS-DOS version also 
has a 34010 simulator. 

Texas Instruments has developed TIGA-340, a standard software inter- 
face for the TMS340 family of graphics processors. Development tools 
for TIGA (Texas Instruments Graphics Architecture) include a $340 
Driver Developer’s Kit that helps software developers make their exist- 
ing software run on TIGA-compatible 34010 boards; a $1500 Software 
Developer’s Kit for those who want to develop direct 34010 code or 
custom downloadable extensions to TIGA, which includes a 34010 C 
compiler, an assembler, bit-map font and math/graphics source-code 
libraries, and a $15,000 software porting kit for hardware developers 
to make their 34010-based systems TIGA compatible. 

From others: Software now available from numerous third-party 
sources such as JMI (Spring House, PA), which has developed a real- 
time executive. See the Tl TMS 34010 3rd-Party Guide mentioned under 


Hardware Support. 
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EDN November 23, 1989 


68000 FAMILY 


AVAILABILITY: Now for all models to 33-MHz 68020. Samples of 
68030 are available to 50 MHz. The 68040 has been announced but is 
delayed. The original design used NMOS technology, and CMOS ver- 
sions are designated by 68HCXXX, however all designs since the 68020 
were only made in CMOS and don’t use the HC identifier. 

COST: In 100 qty, prices range from less than $10 for low-end 68008 
and 68000 to $500 for 50-MHz 68030. 

SECOND SOURCE: Rockwell, Hitachi, SGS-Thomson, and Signetics/ 
Philips all licensed with mask interchange for 16-bit parts. Motorola 
says it plans to keep 68020 and 68030 to itself for the time being. 
CORE: Motorola has plans to use members of the 680x0 family as 
cores around which it'll build application-specific processors to address 
specific markets. 


Description: Family based on a modern minicomputer architecture 
using a basic group of 16 fairly general, 32-bit registers. The 68008 
has a narrow 8-bit data bus. The 68000 has a midsized 16-bit data bus 
and ALU, and 24-bit addressing. The 68030 is full 32 bits throughout 
with instruction and data caches and MMU on board. 


HARDWARE 
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Hardware notes: 

1. Diagram favors the basic 68000, which although it has 32-bit-wide 

registers, has 16-bit-wide ALU and data buses and only 23-bit-wide 

address bus. It comes in 64-pin DIP, 68-pin PGA, and 68-pin PLCC. 

2. Bottom-of-the-line 68008 has only 8-bit data bus and 20- or 22-bit 

address bus. It comes in 48-pin DIP and 52-pin PLCC. 

3. Upper-range 68010 is similar to 68000 but supports virtual memory. 

68010 has 24-bit address bus and comes in a 64-pin DIP, 68-pin grid 

array, or 68-pin PLCC. 

4. Top-of-the-line 68020 and 68030 are full 32 bits throughout, including 

ALU and address and data paths. Both have instruction caches, and 

the 68030 also has a data cache and an MMU. The 68040 adds an FPU. 


HARDWARE 


HDS-300 hardware/software development station ($15k to $20k) pro- 
vides real-time emulation of 68000 family Ps with bus-state-analyzer 
support and source-level debugging. MEX68KECB educational com- 
puter board is based on 68000. VM04 is a 68020-based 32-bit Ver- 
samodule interconnected within a target system using the 32-bit, asyn- 
chronous, Versabus interconnect standard. VME130 is a 68020-based, 
32-bit VME bus module using Eurocard mechanical format. 

From third parties: Family is widely supported by makers of universal 
.P development systems. Also, the VMEbus system architecture is 
used in a broad range of applications with more than 150 independent 
suppliers of compatible products. 


EDN November 23, 1989 


————— CHARACTERISTICS 


SUPPORT 


8/32-BIT, 16/32-BIT, 32/32-BIT 


NMOS AND CMOS 


Motorola Integrated Circuits Div 
3501 Ed Bluestein Bivd 

Austin, TX 78721 

Phone (512) 928-6000 


For more information, Circle No. 741 


Status: Part of the success of the 68000 family is due to the success 
of the Apple Macintosh II, and much of the rest is due to 68020 and 
68030’s popularity among builders of Unix-based workstations. The 
68030 is similar to the 68020 but with an extra cache for data (in addition 
to the 68020 instruction cache) and with the 68851 MMU on board. 
The 68040 is a full 68000-compatible P containing an IU (integer unit), 
an FPU (floating-point unit), an MMU (memory-management unit), and 
instruction and data caches. The 680x0 family has received consider- 
able competition from the RISC pPs, including Motorola’s own 88000 
RISC chips. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Arithmetic, including multiply and divide (signed and unsigned). 
Logicals and rotates and shifts. 

Can handle bits, BCD nibbles, bytes, short (16 bits) and long (82 bits) 
words. 

(Floating-point coprocessors 68881/2 available.) 
li—DATA-MOVEMENT INSTRUCTIONS 

Five basic address modes are register direct, register indirect, immedi- 
ate, absolute, and program-counter relative. To these modes can be 
added postincrementing, predecrementing, offsetting, and indexing. 
Can use eight 32-bit address registers as indexes or stack pointers. 
The eight 32-bit data registers can also serve as indexes. 
lli—PROGRAM-MANIPULATION INSTR 

Branch and jump to subroutine. Branch conditionally. 

Link and unlink instructions invoking one address register as frame 
pointer (used to establish temporary local environments in structured 
programming). 

Seven levels of priority interrupts, including nonmaskable, with 256 
possible interrupt vectors. 

iV—PROGRAM-STATUS-MANIP INSTR 

16-bit status register is software accessible. 

Sophisticated trap operations help user debug programs. 

Trace mode. 

V—SYSTEM-CONTROL INSTRUCTIONS 

Privileged instructions for operating systems and multiprocessor com- 
munication. 


Specification summary: 68020: full 32-bit CPU version of the 68000 
family that’s object-code compatible with all members. Has 16 32-bit 
general-purpose data and address registers, 32-bit ALU with barrel 
shifter, and 32-bit data bus. Also has full 32-bit address bus that can 
reach 4G bytes of direct linear external memory. Supports instruction- 
continuation-type virtual memory. Has 256-byte instruction cache on 
chip and 3-stage pipelining. At 25-MHz maximum clock, executes 5 
MIPS. For tight inner loops with so few instructions that they can be 
contained in cache, and when data can be contained in registers, the 
68020 will operate at burst modes to 12 MIPS. With 68881, it can run 
at 1.25M Whetstones. Has 18 addressing modes and instructions to 
support structured high-level languages and sophisticated operating 
systems. Fabricated in 1.5-4m CMOS with 1.5W power dissipation. 
Packaged in 114-pin grid array. 68030 is similar to 68020 but also has 
data cache and incorporates a subset of the 68851 MMU. It will run 
at 30 to 50 MHz and have 2x 68020 performance at systems level. It 
is fabricated in 1.2-~um CMOS (with planned shrinkage to 1.1 ym). 
Packaged in 128-pin grid array. 


SOFTWARE 


VersaDOS real-time operating system, system V/68 operating system, 
CP/M-68K operating system, concurrent DOS-68K operating system, 
and VRTX real-time operating system ($6775 from Hunter Systems). 
Unix support from Motorola includes direct ports of Unix V, AT&T. X 
assembler for Exormacs and VME/10, X-C compiler VME/10, and Exor- 
macs for VAX/780 are available. 

From third parties: Supplier has catalog listing the outside support 
for family. New type of support is software to allow 68000 to run 
MS-DOS (8086) programs: by emulation from Phoenix (Norwood, MA) 
and by Insignia (London, UK, but with offices in San Francisco); and 
by binary translation from Hunter Systems (Palo Alto, CA). 
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SERIES 32000 


AVAILABILITY: Now for all older NMOS and some CMOS replace- 
ments for NMOS parts. The new CMOS 32532 is available now. 
COST: From $1 to $975 (100) (see table). 

SECOND SOURCE: None. 

CORE: National is using the 32000 as the basis for its application- 
specific embedded processors. 


Description: A 32-bit ~P family in which various models bring out 
different-sized address and data buses. The fully 32-bit core processor 
has acquired a reputation, even among competitors, for being ‘‘elegant”’ 
in its symmetry; that is, its instructions and addressing apply regularly 
to all registers, which supplier claims makes high-level-language com- 
pilers easier to write. It also has reputation for needing less memory 
space for programs. These software virtues should apply to all family 
members as strict code compatibility is maintained across line. Family 
is intended to match the needs of operating systems like Unix and to 
have big-computer features expected of 32-bit systems, such as de- 
mand-paged virtual memory, protection of operating system from users, 
and protection of one user from another user. 


HARDWARE 
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Hardware notes: 

1. Floating-point chip (NS32580) is example of slave-type processors 
that National is using to extend CPU. These processors will be inte- 
grated on CPU when VLSI processing technology permits; they are 
transparent to programmer and recognize op codes not used by CPU. 
2. Advanced features include demand-paged virtual memory, position- 
independent ROM code and multiprocessing. Latest 32532 has instruc- 
tion and data caching sufficiently sophisticated to handle multiple-proc- 
essor situations. Supplier claims relaxed memory-access specifica- 
tions, even at 30 MHz. 


HARDWARE 


From National: SYS32/20 that converts IBM PC/ XT and PC/AT into 
a Series 32000 development tool (from $3500). Splice in-system emula- 
tion covers family wPs up to 32332 with support for 32532 on way. 
Development/evaluation boards based on 32016, 32032, and 32332 
are also available from National and from other suppliers (contact Na- 
tional for list) with prices from $532 to $9900. 

From others: PC plug-in board with 32016 or 32032 and memory 
($2000 to $3000) that allows running Unix from Opus Systems (Cu- 
pertino, CA). PC-based logic-analysis workstation by Northwest Instru- 
ment Systems (Beaverton, OR). 


——— CHARACTERISTICS 


SUPPORT 


8/32-BIT, 16/32-BIT, 32/32-BIT 


NMOS AND CMOS 


National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95051 

Phone (408) 721-5000 


For more information, Circle No. 742 


Status: National says that because all its 32XXX family members are 
full 32-bit internally, those members with 8- and 32-bit external data 
buses should also be included, which would bring the total up to 700,000 
units or roughly on par with what Motorola and Intel are claiming for 
their 68020 and 80386. What seems critical now is how well the new 
32532 is received. It appears to be a good CISC machine, and if it can 
run at the promised 30 MHz and deliver the promised 10-MIPS sus- 
tained performance, it should be attractive for use in multiprocessor 
Unix systems (whether in reprogrammable or embedded applications). 


SOFTWARE 


iI—DATA-MANIPULATION INSTRUCTIONS 

All instructions operate on either 8-, 16-, or 32-bit data and can be 
accessed by any appropriate addressing mode. Multiply and divide, 
BCD arithmetic, logicals and bit manipulation throughout memory space 
and CPU registers. 

liI—DATA-MOVEMENT INSTRUCTIONS 

Intelligent string operations and bit-field handling allow efficient move- 
ments. 

lll—_PROGRAM-MANIPULATION INSTR 

Stack- and frame-pointer instructions suitable for high-level languages 
(including Polish notation). Modular software support via special CPU 
hardware (Mod register) and tables automatically implemented for indi- 
rect addressing of position-independent ROMs, etc. Array instructions. 
iV—PROGRAMN-STATUS-MANIP INSTR 

Status registers in slave processors and MMU as well as in CPU, with 
both privileged and user access. 


Specification summary: 32-bit ‘‘maxi-mini’’-type pipelined architec- 
ture implemented in multichip NMOS VLSI. Uniform addressing of up 
to 4G memory locations. Instruction set chosen to match operations 
needed by high-level-language compilers. All instructions can symmetri- 
cally apply to all data types (8, 16, and 32 bits, etc) and all register and 
memory locations. Performance of family ranges from % to 10 MIPS 
(sustained). The top-of-line Model 32532, when running at maximum 
30-MHz clock, has a peak performance of 15 MIPS and a Dhrystone 
benchmark of 16.3k. It has 4-stage overlapping execution pipeline that 
includes instruction prefetch and branch prediction. It has parallel ad- 
dress and data units, each with own buses and 32-bit ALU. Separate 
caches for instruction and data: the instruction cache is 1k bytes (direct 
mapped); the data cache is 1k bytes, 2-way set associative. On-chip 
demand-paged virtual MMU with 64-entry associative translation look- 
aside buffer. Fabricated in 1.5-4m double-metal CMOS. Packages 
range from 48-pin DIP for 32008 to 175-pin grid array for 32532. LCC 
and PLCC packages available for some models. 


SOFTWARE 


From National: Series 32000 Software Catalog is guide to available 
software from third-party vendors. It lists compilers for C, Pascal, For- 
tran, Cobol, Modula-2, Ada, etc. Supplier says its GNX (Genix Native 
and Cross) languages and tools and its optimizing compilers can in- 
crease performance and code density as much as 2x. Operating sys- 
tems include supplier's Genix V.3.1 derived from AT&T System V, re- 
lease 3.1. 

From others: Software-analysis workstation from Northwest Instru- 
ment Systems (Beaverton, OR). Software coprocessor from Phoenix 
Technologies (Norwood, MA) that allows family to run MS-DOS 8086 
programs. VRTX real-time multitasking operating system from Ready 
Systems (Palo Alto, CA) and MTOS-UX from Industrial Programming 
Inc (Jericho, NY). 


EDN November 23, 1989 


VL 86COX0 ARM 


AVAILABILITY: Now for production volumes of 86C010. 86C020 sam- 
ples available now, production fourth qtr ’89. 

COST: $45 for 86C010 in volume; $145 (100) for 86C020. 

SECOND SOURCE: Sanyo Semiconductor Ltd sources the 86C010. 
CORE: Part of VLSI’s cell library. (Was designed by customer Acorn 
Computers using VLSI’s semicustom tools.) 


Description: ARM stands for Acorn-RISC machine (RISC stands for 
reduced-instruction-set computer). The VL86C020 is software compat- 
ible to the '010. The second-generation chip includes a 4k byte, unified 
instruction and data cache on chip. The cache uses 64-way set-associa- 
tive replacement with random replacement to provide a 93% hit rate. 
Current devices operate at 20 MHz with 35-MHz operation available 
by year end as the »P migrates into a 1.0-4m process technology. Low 
power consumption of ‘4W suggests the part for embedded-controller 
applications. 


HARDWARE 
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Hardware notes: 

1. In addition to 86C010 wP, VLSI has associated set of chips for 
memory (86C110), video (86C310), and I/O (86V410). For floating-point 
math, VLSI suggests using one of the commercially available coproces- 
sors such as AT&T’s WE32206. 

2. Note the 27 registers. This is less than on some RISC machines, 
but they do overlap as is common in RISC to speed interrupt service 
(overlapping gives automatic saving of data). This means programmer 
only sees 16 registers at most, and of these, only 15 are general 
purpose. 

3. Some provisions for memory management, including cache and vir- 
tual memory through abort-signal, mode-control bits. 


HARDWARE 


VLSI says that much of the hardware support comes from Acorn. There 
is a PC-form-factor board ($2500) for software development. (Note: It 
can be expected that VLSI will bias its support toward the ASIC ap- 
proach, in which the ARM pP will be considered a core around which 
the customer will be encouraged to apply ‘‘application-specific’”’ |/O, 
memory, etc; thus, VLSI’s ASIC design tools might be considered part 
of the hardware support.) 


EDN November 23, 1989 


——— CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


VLSI Technology Inc 
8375 S River Pkwy 
Tempe, AZ 85274 
Phone (602) 752-8574 


For more information, Circle No. 459 


Status: VLSI is currently sampling the VL86C010. The company sup- 
plies evaluation boards, assemblers, and C compilers directly. The ar- 
chitecture of the chip is targeted at the embedded-controller market 
and provides performance similar to most competing RISC processors 
at lower cost. VLSI wants to sell the VL86C020 for less than $55 in 
high-volume production. The low cost is further enhanced because the 
cost of the cache memory is included in the processor price. Cost is 
kept low because of small die size (approximately 280 mils square in 
a 1.0-4.m process) and 160-pin plastic quad flatpack packaging. A dedi- 
cated coprocessor bus necessitates the high pin count. The 86C020 
has found application in laser printers, network controllers, disk control- 
lers, and graphics subsystems. 


SOFTWARE 


i—DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, logicals, and comparisons. Bit clear. Shifts (barrel shifter 
with ALU). 

llI—DATA-MOVEMENT INSTRUCTIONS 

Most data movements are by register-to-register instructions with op- 
tion for multiple-register addressing. Only load and store operations 
to memory (typical of RISC). The VL86C010 includes a semaphore 
operation to support multiprocessing applications. 
lli—_PROGRAM-MANIPULATION INSTR 

Skip-type decision instructions (though old-fashioned, this simple ap- 
proach can give fastest response in some cases). Branch instruction 
has option where combined PC and status register are copied in R14 
data register for quick, simple return. 
IiV—PROGRAM-STATUS-MANIP INSTR 

Usual status bits are combined with PC and mode-control bits in a 
32-bit-long register. This allows all three elements to be saved in one 
fell swoop. 


Software notes: 

1. Only 44 instructions, in keeping with RISC concept. 

2. Simple RISC instructions are said to ease the task of writing efficient 
high-level-language compilers. 

3. User and supervisory modes with supervisory mode being entered 
by software interrupt. 


Specification summary: 32-bit CMOS Von Neumann (common 
memory) »P with RISC-style architecture. Has simple ALU with associ- 
ated barrel shifter and set of 32 registers on CPU pP chip, 16 of which 
are accessible to programmer. Has some features expected in a large- 
memory-space machine: instructions and controls to handle virtual 
memory and caching. 32-bit external data bus and 26-bit external ad- 
dress bus allow linear addressing for external 64M-byte memory space 
(can be addressed on 8-bit-byte or 32-bit-word basis). Only simple load 
and store instructions for external memory. 10- to 12-MHz, 2-phase 
clock gives 4- to 5-MIPS sustained performance with 10 to 12 MIPS 
max. Interrupt latency is 2.75 sec max. No provisions for separate I/O 
addressing so I/O must be memory mapped. Fabricated in 2-um CMOS 
with chip 230 mils on side. 0 to 70°C temperature range. Packaged in 
88-pin JEDEC Type-B leadless ceramic chip carrier and plastic leadless 
chip carrier. 


SOFTWARE 


VLSI indicates that most of the software support comes from Acorn. 
There is an assembler for the ARM’s instruction set, a Basic interpreter, 
and compilers for popular high-level languages (C and Fortran-77). 
There are also compilers for artificial-intelligence languages (Cambridge 
Lisp and Prolog). Typical pricing for software is $500 each. 
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80386 FAMILY 


AVAILABILITY: 16, 20, 25, and 33 MHz in production (at 4 locations). 
80386SX, 80376 samples available now. 
COST: In 1000 qty, $189 for 16-MHz 80386, $201 for 20-MHz 80386, 
$249 for 25-MHz 80386, $319 for 33-MHz 80386, $80 for 16-MHz 
80386SX, and $53.10 for 16-MHz 80376. 
SECOND SOURCE: None announced or planned in immediate future. 


Description: The 32-bit 386 family of Ps is compatible with the 8086 
and 80286 families. Included are address translation registers and a 
32-bit address bus for up to 4G bytes of physical memory and 64T 
bytes of virtual memory (the SX and 376 processors only have a 24-bit 
address bus). Runs DOS, Windows, OS/2, Unix, iRMX, and iRMK. Vir- 
tual 8086 mode allows direct execution of 8086 software under new 
32-bit operating systems. The 386SX permits the manufacture of less- 
expensive systems with full 386 software capability. 


HARDWARE 
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Hardware notes: 

1. No on-chip cache, but 33-MHz 82385 cache controller ($114.66 for 
33 MHz (1k)) for implementing 32k-byte external cache. 

2. On-chip MMU chip said to allow for memory management with no 
penalty in bus bandwidth (if off chip, supplier says, an extra cycle 
would be needed). Allows choices of segmentation or paging singly 
or in combination for multiuser protection and for virtual memory. 

3. The 80386 has its own math coprocessor, the 80387, which costs 
$406.85 for 33 MHz, $99.75 for 25 MHz (1000). 

4. Along with the 80387 and 82385, the 80386 can use the 82380 
32-bit peripheral combination chip that incorporates DMA and interrupt 
support and interval timers, etc. 

5. The 80376 is compatible with the 386 programming model, but cannot 
run 8086 or real-mode programs. The chip has a 16-bit external bus. 


HARDWARE 


ICE-38625D in-circuit emulator ($22,495) supports 386DX pP to 25 
MHz and ICE38633D supports to 33 MHz. ICE386SX in-circuit emulator 
($19,495) supports 386SX to 20 MHz. ICE376D in-circuit emulator 
($18,495) supports 376 to 20 MHz. All Intel ICE in-circuit emulators for 
the 386 family operate on a common emulator base. They provide 
control and display software with a common Intel windowed user inter- 
face with drop-down menus and source code display hosted on DOS 
on PC and PS/2 systems. The iPAT Performance Analysis Tool provides 
a real and protected mode software analysis with high-level access to 
target-system performance analysis and test-case coverage in real time 
for target systems based on the 386 family at clock speeds to 20 
MHz. An iPAT-386 probe supports the 386DX wP. You can also inter- 
face the iPAT-386 to the probes of ICE in-circuit emulators for the 
386DX, SX, and 376 Ps. Various Multibus | and Il single-board comput- 
ers are also available from Intel and other vendors for the 386DX uP. 


————— CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


Intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
Phone (408) 987-8080 


For more information, Circle No. 460 


Status: All things point to the 80386 remaining the dominant 32-bit 
uP, certainly for the next 5 years. The 386 is the sole uP carrying the 
IBM PC momentum into the 32-bit world. Not satisfied that it ‘“owns”’ 
the MS-DOS and OS/2 world, Intel is now aggressively after the Unix 
world and is in production with the 80376—a version of the 386 aimed 
at the embedded-controller world. Intel also offers the 80386SX, an- 
other version of the 386 that supplies a 16-bit data bus and a 24-bit 
address bus. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Bit manipulation and bit-string manipulation (aided by 64-bit barrel 
shifter). 

Conversion between bytes, words, and double words. 

Arithmetic, including 16-bit and 32-bit operands and 32-bit signed and 
unsigned multiply and divide. 

(80387 math coprocessor has full IEEE-754 instructions, including all 
transcendentals.) 

li—DATA-MOVEMENT INSTRUCTIONS 

String moves and gang push and gang pop of all registers. 
Instructions to insert and extract bit strings (additional addressing 
modes for existing instructions allow more flexibility in assignment of 
registers). 

lll—PROGRAM-MANIPULATION INSTR 

Repeat instructions based on flags. 

Enter and leave procedure instructions, conditional or unconditional 
branch to anywhere in 4G-byte memory space. 
IV—PROGRAM-STATUS-MANIP INSTR 

Flag instructions mostly same as on 8086 (contains 4 debug registers, 
allowing breakpoints on data or code accesses, even when in ROM). 
V—HLL AND OS INSTRUCTIONS 

Instructions for checking array bounds. 

Segment assignment instructions. 

Load and store descriptor tables for protection (processor context 
switch via 1 instruction). 


Software notes: 

1. Only those instructions beyond basic 8086 instructions described. 
2. 80386 said to be object-code compatible with previous members of 
8086 family and can run their operating systems. There is a ‘‘virtual 
8086" mode in which 8086 (and 8088) code can be run within the 
protected 386 environment. 


Specification summary: A more or less standard, ‘‘classical’’ 32-bit 
minicomputer architecture that has a basic register set similar to the 
previous 16-bit members of 8086 family so that it can directly run their 
machine code. It has added features that make it more general and 
suited to larger 32-bit environments: data-manipulation instructions that 
can be applied to almost any register, high-level-language-oriented in- 
structions, operating-system-oriented instructions, and on-chip MMU. 
Fabricated in 1.5-44m CMOS (supplier calls it CHMOS-IIl), it’s expected 
to consume no more than 400 mA at 32-MHz external clock (16 MHz 
internal). Packaged in 132-lead ceramic PGA. 


SOFTWARE 


From Intel: ASM-386 macroassembler ($600), RLL-386 binder and 
system software builder utilities ($600), and the MON-386 serially 
hosted debug monitor ($995). The C-386, Fortran-386, and PL/M-386 
compilers (each $900) support 386 «P family protected-mode software 
cross-development on DOS hosts. VAX/VMS kit support including ASM, 
RLL, compilers of choice, and VMS DB-386 incorporating a 386 system 
software simulator is also available on MicroVAX ($14,000) and VAX 
($18,000) systems for cross-development. 

From others: Rapidly growing third-party support. Most important 
are MS-DOS and forthcoming OS/2 from Microsoft (Bellevue, WA). 
(There are variations in DOS such as Concurrent DOS by Digital Re- 
search (Monterey, CA.)) Next is Unix V from AT&T (Morristown, NJ) 
and Zenix from Microsoft. Also real-time executives from Ready Sys- 
tems (Palo Alto, CA), JMI Software (Spring House, PA), and others. In 
addition there are dual combinations of operating systems such as 
Unix-DOS, CTOS-DOS, and DOS-DOS. 

Note: Some software depends on 386 mode. 
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80486 FAMILY 


AVAILABILITY: The 25-MHz version will be in production in fourth 
qtr 89. Samples available now. 

COST: The 25-MHz 80486 will cost $950 (1000). 

SECOND SOURCE: None announced or planned for immediate future. 


Description: The i486 CPU is comprised of an enhanced 80386 CPU, 
an enhanced 80387 math coprocessor, an 82385 cache controller, an 
8k-byte combined code and data cache, and a paging and memory- 
management unit. The i486 is binary compatible with 386/387 processor 
software but is 2 to 4x faster due to enhanced execution pipelining 


32-BIT CMOS 


Intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
Phone (408) 987-8080 


For more information, Circle No 461 


Status: 25-MHz samples are available now. Volume production is 
scheduled to begin in fourth gtr ’89. 33-MHz samples will be available 


and higher integration. The i486 CPU adds several new instructions, this year. Intel claims more than 200 design wins. 


which support multiprocessor operating systems. Also added is an 
instruction for artificial-intelligence programs. A byte-swap instruction 
allows the i486 CPU to read data in either big-endian or little-endian 
format. A burst bus allows the i486 to fill the on-chip cache with 16 


bytes of data in 5 clock cycles. 


SOFTWARE 


HARDWARE ————— CHARACTERISTICS 


64-BIT INTERUNIT TRANSFER BUS 


i—DATA-MANIPULATION INSTRUCTIONS 
Information not provided by manufacturer. 
ll—DATA-MOVEMENT INSTRUCTIONS 
Information not provided by manufacturer. 
lli—PROGRAM-MANIPULATION INSTR 
Information not provided by manufacturer. 
iV—PROGRAM-STATUS-MANIP INSTR 
Information not provided by manufacturer. 
V—HLL AND OS INSTRUCTIONS 
Information not provided by manufacturer. 
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Specification summary: Information not provided by manufacturer. 
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SOFTWARE 


HARDWARE SUPPORT 


ICD48633D in-circuit debugger ($12,500) is a hardware-assisted real- 
time debug monitor supporting 486 pP to 33 MHz with real-time execu- 
tion control over prototype 486-based systems. I|CD48633D supports 
execution breakpoints, including cached breaks, control of 486 uP exe- 
cution, and access to registers and system memory. A standard logic- 
analyzer interface is provided to support cross-triggering between 
ICD486 and a high-speed logic analyzer. The |CD48633D in-circuit de- 
bugger is hosted on DOS PC and PS/2 systems. Host software uses 
the common Intel windowed interface model with drop-down menus 
and source-code display. 


EDN November 238, 1989 


From Intel: Intel’s i486 assembler, compilers, system utilities, and 
software debuggers are intended for computer system software devel- 
opment requiring access to the full native-mode architecture models 
of the 486 ~P. ASM macroassembler ($600), RLL binder and system 
software builder utilities ($600), and C and PL/M compilers (each $900) 
support 486-family protected-mode software cross-development gener- 
ating 486 instructions in code developed on DOS hosts. Language kits 
($4500) including ASM, RLL, a compiler of choice, and the DB debugger 
are also available. VAX/VMS kit support including ASM, RLL, and a 
compiler of choice are available on MicroVAX ($7000) and VAX ($9000) 
systems for cross-development. 
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CLIPPER 


AVAILABILITY: Now for 40-MHz C100 and C300. Currently sampling 
50-MHz versions. 

COST: In 1000 qty: C100 module (33 MHz) with clock, $645; C100 
chip set (25 MHz), $305; C300 module (40 MHz), $895; C300 module 
(50 MHz), $1095; C300 chip set (40 MHz), $655. 

SECOND SOURCE: None announced. 


Description: CMOS RISC-based pP has a dual-bus Harvard architec- 
ture. 3-chip set includes a CPU that incorporates a floating-point math 
unit (FPU) and two cache/MMU chips: one for instructions and one for 
data. Available in first- and second-generation versions in modules, 
chip sets, and individual chips, the Clipper family can deliver system- 
level performance ranging from 6 to 20 MIPS. 
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Hardware notes: 

1. The CPU chip has RISC-like ALU plus a CISC-like macroinstruction 
ROM and floating-point unit. The other two chips are identical pin- 
programmable cache/MMU chips, so one can be used for instruction 
caching and the other for data caching. The instruction cache carries 
the CPU’s PC (instruction program counter). The 4096-byte capacity 
of each cache plus the sophisticated caching control (2-way set asso- 
ciative) gives the Clipper a high hit ratio (over 90%). 

2. Each cache supports virtual memory via the on-chip MMU. The 
caches (especially the data cache) operate on a physical memory basis, 


so less flushing is needed. The C100 requires 135-nsec memory de- | 


vices, and the C300 requires 90-nsec memory devices. 
3. CPU uses sophisticated pipelining with provision for bypassing. 


HARDWARE 


The Clipper Module card integrates the three Clipper chips into a func- 
tioning CPU. It provides the clock and PC wiring and a 96-pin DIN 
connector. User must provide the bus buffers externally. Intergraph 
supplies development systems that provide a 33-MHz Clipper CPU, 
8M bytes of RAM, 156M bytes of hard-disk storage, and an Ethernet 
interface. Software includes Clix, based on Unix System V; a C compiler, 
a loader/debugger; and utilities. 
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——— CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


Intergraph Corp 
Advanced Processor Div 
2400 Geng Rd 

Palo Alto, CA 94303 
Phone (415) 494-8800 


For more information, Gircle No. 462 


Status: The Clipper C100 has been in production since early ’87; the 
40-MHz C300 has been in production since January ’89. Over 25,000 
units have been shipped through July ’89, giving Clipper one of the 
largest installed bases of any general-purpose commercial RISC proc- 
essor. The manufacturer claims monthly shipments exceed 1000 units. 
The C100 is available as a 3-chip set in PGA packages, and the C300 
»P is available in production quantities. Future Clippers in both ECL 
and CMOS are under development; a 70-MIPS ECL version is sched- 
uled for introduction in the first half of ’90. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply, and divide (32-bit integer and 32- and 64-bit 
IEEE floating point done in floating-point unit), floating-point converts, 
negate, compare, logicals, including AND, OR, EXCL OR, and NOT. 
32- and 64-bit shifts and rotates, including floating point. 
li—DATA-MOVEMENT INSTRUCTIONS 

Architecture favors register-to-register operations and avoids opera- 
tions on memory other than register-to-memory movements. There are 
nine addressing modes, including absolute, relative (with and without 
displacements), relative indexed, and PC (program-counter) indexed. 
Despite streamlined instruction set, architecture provides efficient string 
moves, because execution control is switched over to macrocode ROM. 
lll—PROGRAM-MANIPULATION INSTR 

Macrocode ROM is used for context-switching save and restore instruc- 
tions that support entry and exit from interrupt and trap routines. Push, 
Pop, supervisor, and user stacks (any register can be used as pointer). 
IV—PROGRAM-STATUS-MANIP INSTR 

Two status words, a user-program status word, and a privileged system 
status word (which can only be written in supervisory mode). 
V—SPECIAL INSTRUCTIONS 

Supervisory mode commands. Hardware supports 18 hardware traps 
and 128 supervisory calls. Software semiphores are supported for mul- 
titasking. 


Software notes: 

1. Clipper’s 168 instructions are a balance between 1-cyle RISC and 
multicycle CISC commands. The RISC takes care of the simpler, most 
frequently used instructions. The CISC macrocode takes care of com- 
plex instructions such as floating/integer conversion, character-string 
manipulation, save and restore registers, and trap/interrupt entry and 
return sequences. 

2. C100 and C300 instructions are compatible. 


Specification summary: Modified R!SC-type architecture in which 
the basic frugal RISC instruction set is supplemented with boost from 
microinstruction ROM. The bus-bandwidth bottleneck is solved by hav- 
ing separate buses for instruction and data and putting a cache/MMU 
chip on each bus. Putting the caches on separate chips allows them 
to be large enough to generate hit rates over 90%. Partitioning also 
allows IEEE 64-bit floating point to be incorporated on CPU chip so 
there is no off-chip delay (as when going to an external coprocessor). 
There is no need for CPU to have a separate multiply-divide hardware 
because these operations can be done in the floating-point unit. Per- 
formance is 6 to 8 MIPS average for C100 and up to 14 MIPS for C300. 
For user convenience, the chips are sold mounted with clock on a 
3.5 x 4.5-in, multilayer pc card with 96-pin DIN connector. C100 chips 
are available separately, too. 


SOFTWARE 


Intergraph is firmly committed to software standards. A wide array of 
standards-based software is available from Intergraph, including Clix 
V.3.1 (based on Unix V.3.1) operating system; optimizing compilers for 
C, Fortran, and Pascal; RFS, NFS, and TCP/IP networking software; 
and X-windows windowing interface. Over 250 third-party packages 
are available, including compilers for Lisp, Ada, and other languages; 
tools and utilities; end-user application packages such as Word Perfect, 
Q-Calc, Q-Office+, Masterplan, and UniPlex II Plus; and the Ingres, 
Informix, and Oracle database programs. 
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SPARC RISC 


AVAILABILITY: From Fujitsu: now for MB86901. From Cypress: 
7C601 in production now. From BIT: now for ECL BIT SPARC chip 
set. From LSI Logic: now for 20- and 25-MHz versions of the L64801. 
COST: For Fujitsu: $325 (5000). For Cypress: $556 (100). The BIT ECL 
B5000 Integer Unit alone costs $850; the BIT SPARC chip set costs 
$3300 for an Integer unit, a floating-point controller, a floating-point 
multiplier, a floating-point ALU, and two register file chips. For LSI 
Logic: L64801 (Fujitsu compatible) is $186 (100) in a 179-pin PGA and 
L64811 (Cypress compatible) is $215 (100). 

SECOND SOURCE: Fujitsu, Cypress, and BIT SPARC pPs are differ- 
ent and not hardware compatible. LSI Logic makes two versions—one 
is Fujitsu compatible and the other is Cypress compatible. But all ver- 
sions must run SPARC software as defined by Sun Microsystems Inc 
(Mountain View, CA). Texas Instruments and Philips/Signetics also pro- 
vide second-sourced ywPs. 

CORE: Fujitsu has made a start in this direction with a gate array. LSI 
Logic will also offer RISC elements in its ASIC library. 


Description: Goal is to set a high-performance RISC-type software 
standard while allowing maximum hardware flexibility so that vendors 
can compete on the basis of performance. Sun Microsystems defined 
SPARC at instruction-set and programmer’s model level and then en- 
tered into entirely separate joint agreements with silicon vendors with 
the intent of reaching 100-MIPS performance by 1990. Meanwhile, Sun 
provides development hardware and software support via its worksta- 
tions. 
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Hardware notes: 

1. Diagram is for Fujitsu 86901. Fujitsu also supplies gate-array com- 
panion chip 86910 that provides interface to Weitek 1164/65 floating- 
point chip set. 

2. Cypress will implement its SPARC: in full-custom CMOS using Cy- 
press’s 0.8-4m 2-layer metal process. The chip set will include an 
integer unit, a floating-point unit, and cache. 

3. BIT has implemented its SPARC in bipolar ECL and will provide 
companion FPU chips. 

4. SPARC stands for Scalable Processor ARChitecture. 


HARDWARE 


Sun workstations, even the older models that use Motorola 68000- 
family Ps, are adequate as Sun maintains software compatibility (obvi- 
ously the newer models, from Sun-4 onward, which use SPARC, would 
be ideal). Evaluation boards from Cypress and Fujitsu. Definicon and 
CAD/CAM International supply development boards. Call Cypress for 
company phone numbers. 
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————— CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


Bipolar Integrated 
Technology (BIT) 

Box 4750 

Beaverton, OR 97076 
Phone (503) 629-5490 


Fujitsu Microelectronics Inc 
3330 Scott Bivd 

Santa Clara, CA 95054 
Phone (408) 727-1700 


For more information, 
Circle No. 408 For more information, 


Circle No. 410 
Cypress Semiconductor 


3901 N First St 
San Jose, CA 95134 
Phone (408) 943-2852 


LSI Logic Corp 

1551 McCarthy Bivd 
Milpitas, CA 95035 
Phone (408) 433-8000 
For more information, 
Circle No. 409 For more information, 


Circle No. 411 


Status: Here is another instance where an OEM has developed a »P 
for its own strategic needs and then let semiconductor vendors openly 
market the resulting device. A twist in this case is that the OEM, Sun 
Microsystems, is also a leading workstation vendor and is able to back 
up the »P with all-important development support. The motivation of 
all concerned is to demonstrate and promise such dramatic price/per- 
formance progress that there’s sufficient OEM and third-party following 
to make SPARC a winner in the current high-MIPS sweepstakes. As 
with some other RISCs, SPARC lacks full multiply (only multiply step) 
and thus may need the help of a coprocessor. Currently, over 750 
applications run on SPARC hardware. SPARC International (Sunnyvale, 
CA), a consortium of hardware and software vendors, is dedicated to 
creating and maintaining open standards and multivendor compatibility 
of SPARC-based machines and applications. 


SOFTWARE 


i—DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply (step). Logicals and shifts. 
li—DATA-MOVEMENT INSTRUCTIONS 

Load and store to memory (in RISCs, only simple loads and stores 
used to external memory). Load and store to CPU registers. Load and 
store to floating-point registers. Load and store to coprocessor regis- 
ters. 

lli—PROGRAM-MANIPULATION INSTR 

Call subroutine, branch conditional, save and restore, jump and link 
(there are 128 hardware and 128 software traps, mostly user definable). 
iV—PROGRAMN-STATUS-MANIP INSTR 

Read and write processor state register (note that integer, floating- 
point, and coprocessor condition codes are mentioned). 
V—SYSTEM-LEVEL INSTRUCTIONS 

Instruction-cache flush. Can set up system and user modes and associ- 
ated protection (note that address pins define user and system instruc- 
tion and data spaces). 


Software notes: 

1. There are four stages (five in BIT wP) of pipelining, and it is up to 
optimizing compiler to prevent pipeline breaks by inserting a delay 
instruction before branch instructions. 

2. Overlapped CPU register file windows are said to allow faster context 
switching than if usual stack were used. 


Specification summary: 32-bit ~P family that is standardized at 
software level but open at hardware level. Architecturally, it follows the 
RISC philosophy of minimum instructions (Fujitsu shows about 107), 
most of which execute in single cycles (1.3 to 1.7 clocks per instruction). 
It has a fairly large number of on-chip registers (120) to hold data being 
processesd for rapid access, which also permits the fixed-length in- 
structions to carry the two source and one destination addresses 
needed for single-cycle operations (register file has 3-port structure). 
The on-chip registers are partitioned into seven 24-register groups 
that are overlapped at edges so that parameters can be easily passed 
between them. There are also eight global registers. Can address 4G 
bytes of direct address space and 256 pages of 4G-byte indirect space. 
Addressing supports various user-defined cache configurations. Fujitsu 
86901 has separate coprocessor port that couples tightly to Weitek 
1164/65 FP chips. Strategy is to aggressively upgrade performance 
by frequent redesign in newer technologies as they emerge. 


SOFTWARE 


Vendors say they’ll pass along Sun’s optimizing compilers for C, Pascal, 
and Fortran as well as Sun’s Unix operating system. Wind River Sys- 
tems (Emeryville, CA) will provide a real-time operating system. A 
SPARC monitor is available from Bradley Forthware (Sunnyvale, CA). 
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R2000/R3000 32-BIT CMOS 


AVAILABILITY: Now for the IDT and LSI Logic versions; Siemens Integrated Device Technology Siemens Components Inc 


will have engineering samples in January and full production in the 
second half of ’90. 

COST: The IDT 79R3000 is available in volume pricing as low as $80. 
LSI Logic’s LR2000 costs $190 (100), and its LR3000 costs $299 (100). 
Siemens SAB R2000A and SAB R3000A cost $250 and $350, respec- 
tively. 

SECOND SOURCE: NEC and Performance Semiconductor. 


Description: This reduced-instruction-set-computer architecture was 
initially developed at Stanford University under the auspices of DARPA 
(Defense Advanced Research Projects Agency). The original design 
emphasized concurrent compiler and operating system development. 
The architecture supports as many as three tightly coupled processors. 
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Hardware notes: 
1. Diagram reflects LSI Logic’s LR3000. 


HARDWARE 


MIPS Computer Systems offers several machines for system develop- 
ment. The architecture is supported by a variety of tools, including 
logic-analysis tools from Tektronix, Arium, and Gould. IDT offers a line 
of CPU subsystems. IDT also offers a range of development systems— 
from an add-in board for the Macintosh II through multiple-user Unix- 
based MIPS systems. 
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——— CHARACTERISTICS 


SUPPORT 


2191 Laurelwood Rd 
Santa Clara, CA 95054 
Phone (408) 980-4500 


3236 Scott Bivd 
Santa Clara, CA 95052 
Phone (408) 492-8684 


For more information, 
Circle No. 414 


For more information, 
Circle No. 412 

LSI Logic Corp 

1551 McCarthy Bivd 
Milpitas, CA 95035 
Phone (408) 433-7447 


For more information, 
Circle No. 413 


Status: The R2000 and R3000 are multisourced, specification-compat- 
ible RISC wpPs. The architecture has won a number of high-profile 
designs recently. Such workstation companies as Digital Equipment, 
Silicon Graphics, Sony, and MIPS have selected the architecture as 
the one to build their RISC-based hardware on. The R3000 was selected 
by JIAWG (Joint Internal Avionics Working Group) as a standard for 
military avionics programs such as the Advanced Tactical Fighter. The 
range of applications being based on the R2000 and R3000 therefore 
includes workstations, flight control systems, laser printers, disk con- 
trollers, and PBX systems. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Implements a traditional load-store architecture. Thus, all data-manipu- 
lation operations occur on data in internal registers at the rate of one 
operation per cycle. Operations are typically in the 3-operand format. 
These operations include add, subtract, and logical operations, as well 
as multibit shifts, comparisons, and multiply and divide operations. 
lli—DATA-MOVEMENT INSTRUCTIONS 

Load and store to memory—in RISC CPUs, external memory is only 
accessed for simple loads and stores. Load and store to CPU registers. 
Processor supports loading and storing of unaligned 32-bit data. 
lll—PROGRAM-MANIPULATION INSTR 

The processor contains a rich set of instructions for program manipula- 
tion and operating-system kernels. These include the coprocessor inter- 
face to the MMU to support the virtual memory system. The processor 
also contains a number of instructions to manage the flow of program 
control, including numerous branch conditions, SysCall and break in- 
structions, and the ability to interrupt the processor in software. Stack 
and frame pointer manipulations are performed in software according 
to the binary conventions of the MIPS compiler suite. 
iV—PROGRAM-STATUS-MANIP INSTR 

Exceptions can be initiated by interrupt, memory access faults, and the 
floating-point coprocessor and are tracked by in-system control regis- 
ters. 

V—SYSTEM-LEVEL INSTRUCTIONS 

Bits in the Status Register allow the processor to modify the system 
interface in order to perform special memory system diagnostics. 


Specification summary: The R2000/R3000 implements a 5-stage 
pipeline to achieve a low average clocks per instruction rate. Coupled 
with a rich instruction set, sophisticated compilers, and high-frequency 
operation, the R2000/R3000 family achieves very high performance. 
The IDT 79R3000 features a full cache controller, including on-chip tag 
comparison and direct control of the cache RAMs. Thus, the 79R3000 
achieves 28 VAX MIPS across a range of benchmarks and can perform 
60,000 Dhrystones. LSI Logic’s LR2000 is available in 12.5- and 16-MHz 
versions and achieves 8 and 10 VAX MIPS, respectively. Siemens’ SAB 
R2000A delivers 14 MIPS, and the SAB R3000A delivers 22 MIPS. 


SOFTWARE 


DT provides C, Ada, Pascal, Fortran, Cobol, and PL/1 compilers on the 
IDT development machine as well as an Ada cross-compiler on the 
VAX/VMS available from InterACT. 

The operating system RISC/os is a merged AT&T System V.3 and 
Berkeley BSD 4.3 Unix including TCP/IP and NFS networking software. 
It includes the MIPS optimizing compiler as well as the MIPS symbolic 
debugger. Pixie, the proprietary MIPS profiling tool, is also part of the 
Risc/os. 

Third-party software provides solutions for a wide variety of applica- 
tions needs. Refer to the RISCware directory from Synthesis Software 
Solutions Inc. 
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TEK’S $2995 LOGIC ANALYZER. 
NOW WITH SUPPORT FOR MORE 
THAN 20 MICROPROCESSORS. 


Only the Tek 1230 lets you 
start with an entry-level 
logic analyzer—then, as 
time goes on, add channels 
and draw from a compre- 
hensive list of 8- and 16-bit 
micro support. 


The most recent addi- 
tions to the 1230's 
long list of 
supported 
micros 

y include 

P §6lnels. 
80286 and 8096 
- and Motorola’ 
— 68332, 68010 


make the 1230 excep- | 


effortless; the disassembly 
itself is more complete and 
informative than anything 
else in its class. You can have 
a complete 8-bit micro- 
processor debug package, 
including logic analyzer, 
for under $4000, and a 
16-bit package for 
under $6000. 


Start with 16 chan- 
nels. Expand in 16- 
channel increments 
to a maximum of 64. 
On-screen help notes, 
pDOp-Up menus and 
automatic prompts 


tionally easy to learn 


<< 


and use. Yet you can access 
features like four 2K deep 
memories, sophisticated trig- 
gering and built-in babysit- 

7 ting mode that are 
unprecedented in 
this price range. 


Call 1-800- 
426-2200 for 
rapid ordering, to 
get your technical 
questions 
answered, or 
to request 
product 
information. 
UL Listed 
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29000 RISC 


AVAILABILITY: Now for 29000 CPU and 29027 arithmetic accelerator. 
COST: $150 for the 16-MHz 29000 and $422 for the 16-MHz 29027 
(100). Parts are also available in 20- and 25-MHz grades. 

SECOND SOURCE: Under negotiation. 


Description: State-of-the-art implementation of RISC uP concepts 
with expected stress on obtaining as close to single-cycle operation 
as possible (even with branching) and a special emphasis on keeping 
users’ system costs down by bus timing, etc, which allows lower-cost 
external memories. Note that though first two digits of this ~P’s desig- 
nation—‘‘29’’—are the same as supplier’s previous building-block fami- 
lies (see elsewhere in directory), this 29000 family is the architectural 
opposite. The other building-block families are intended for user-de- 
fined (microcoded) complex instruction sets, whereas this ~P has a 
regular, fixed, and purposely simple instruction set; moreover, it is 
decoded by logic. Companion compilers are an essential part of family. 
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Hardware notes: 

1. Burst-mode addressing allows use of lower-cost video RAMs to 
replace more-expensive, high-speed, static CMOS RAMs, with only 
moderate loss in performance (14 MIPS sustained vs 17 MIPS). 

2. There is a coprocessor interface to companion 29027 floating-point 
chip. The 29027 uses combinatorial logic, so operations take only five 
29000 cycles. 


HARDWARE 


The Adapt29K is an in-circuit debugger that allows monitoring and 
signal tracing on target hardware. The PCEB29K is a personal computer 
plug-in execution board for software development. In addition, an archi- 
tectural simulator is provided with the AMD software development pack- 
age. 


From others: Embedded Performance provides the System 29000 . 


emulator. Gould provides the Clas 4000 Logic Analyzer. Hewlett- 
Packard offers the logic analyzer Am29000 Probe Interface and the 
Adaptil emulator. Behavioral models are available for CAE workstations 
from Daisy Systems, Logic Automation, and Teradyne. In addition, VME 
boards, PC add-in boards, add-in boards for Macintosh computers, 
and box-level computer systems are available based on the Am29000. 
A list of third-party support products are summarized in the biannual 
Fusion29K Catalog published by AMD. 


——— CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


Advanced Micro Devices (AMD) 
901 Thompson Pi 

Sunnyvale, CA 94086 

Phone (408) 732-2400 


For more information, Circle No. 403 


Status: Over the past 1% years since its introduction, the 29k has 
accumulated over 170 design wins. 25 companies have announced 
their 29k-based products. Areas of particular success for the RISC 
uP are high-end laser printers; graphics, including graphics controller 
boards, graphics accelerators, real-time image processing, and medical 
imaging; and network products, including protocol converters, network 
node controllers, FDD! networks, and ISDN-related systems. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Add, subtract, multiply (step), divide (step). 

Extract contiguous 32-bits from the 64-bit funnel shifter. 

Logicals, compare, convert floating point (floating point is not currently 
implemented in hardware but companion floating-point chip 29027 is 
available). 

li—DATA-MOVEMENT INSTRUCTIONS 

Register-to-register moves. 

Load and store to external memory and 1/O. 

Load and store multiple registers to/from external memory and I/O. 
lli—PROGRAM-MANIPULATION INSTR 

Jump, call subroutine, and returns. 

Branches (with decisions based on Boolean data in general-purpose 
registers rather than ALU condition codes). 
iV—PROGRAM-STATUS-MANIP INSTR 

Status register has usual bits to indicate ALU condition. 

Exception handling for 64 reserved and 192 user-defined traps. 
V—SYSTEM-LEVEL INSTRUCTIONS 

Some of the 23 special-purpose registers are for system control, and 
these are protected and can be set up via software (some also are 
affected by execution). 


Software notes: : 

1. Total of 115 instructions. All are not yet implemented in hardware, 
and those that aren't cause traps. | 

2. Multiply and divide on the 29000 only does one step. The full multiply 
and divide instruction causes a trap operation at which a compiler can 
insert a software routine. 


Specification summary: 32-bit CPU fashioned after RISC concepts, 
designed to perform most frequently used, simple instructions in one 
cycle. Offered with companion compilers intended to take advantage 
of architectural simplicity and produce code optimized for performance. 
Also offered with companion floating-point chip, 29027, which in more 
CISC fashion makes up for crudeness of math instructions (only partial 
multiplication and division instructions). Features that ensure uninter- 
rupted flow in 29000’s 4-stage execution pipeline are single-cycle 
branching with branch delays and a 512-byte branch-target cache. Main 
192-register file has a 3-port configuration so that instruction fields can 
specify sources for both operands and the destination for the result. 
128 of the registers are addressed by a stack pointer that (in conjunction 
with the compiler) provides a type of ‘‘caching’’ that speeds procedure 
calling. External memory space is reached by 4G-byte virtual addressing 
with demand paging. An on-chip 64-entry MMU performs address trans- 
lation in a single cycle and is flexible so users can choose memory 
strategy. 25-MHz operating frequency (40-nsec clock period) gives 25- 
MIPS peak and 17-MIPS sustained performance. Fabricated in 1.2-4m 
(effective) CMOS with 1.5W power dissipation. Housed in 169-pin PGA. 


SOFTWARE 


AMD supplies a simulator, debugger, resident debugger, and a cross- 
development package. AMD has contracted with a ‘‘leading” compiler 
source for optimizing compilers for C, Fortran, Pascal, and Ada. Note 
that there is an intentional symbiotic relationship between 29000 archi- 
tecture and compilers. For example, compilers have access to internal 
29000 operations, such as pipelining, and thus can insert useful instruc- 
tions at branch delays. They can also weed out redundancies in loops. 
Other providers of compilers, translators, and complete tool sets are 
Embedded Performance, Intermetrics, Irvine Compiler Corp, MetaWare, 
Microprocessor Services, Microtec Research, Step Engineering, and 
Verdix Corp. These use the C language and Ada and run on IBM 
PC/AT-class machines as well as Sun and VAX computers. 


EDN November 23, 1989 
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P-BUS CONTROL 


M-BUS CONTROL 


88000 


AVAILABILITY: Both the 88100 CPU and the 88200 cache/memory- 
management unit (CMMU) are available now in 20- and 25-MHz ver- 
sions. Limited numbers of samples of the 33-MHz uP are available now. 
COST: The 88100 costs $495; the 88200 costs $795 (100). 

SECOND SOURCE: SGS-Thomson for militarized versions. 

CORE: Motorola’s architecture can incorporate as many as six special- 
function units into the 88100 chip. 


Description: The 88000 family is Motorola’s entry into the reduced- 
instruction-set computer (RISC) arena. The 88000 family encompasses 
the 88100—the CPU—and the 88200—the memory-management unit. 
The 88100 chip supplies full 32-bit registers, data paths, and addresses. 
Most instructions take only one cycle or are put in a concurrent execu- 
tion pipeline in one cycle. The chip also performs standard IEEE-P754 
floating-point math operations in one cycle. The corresponding 88200 
cache/memory-management unit supports a demand-paged virtual- 
memory environment. The chip controls two 4G-byte logical address 
sSpaces—one for the user and one for the supervisor. The chip’s archi- 
tecture supports multiprocessor operations. 


HARDWARE 
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Hardware notes: 

1. Architecture shown is for the 88100. The CMMUs are shown in 
block-diagram form. 

2. The P bus supplies the interface between the 88100 and either local 
memory or an 88200 CMMU. The synchronous P bus operates at the 
same clock rate as the 88100. Peak data rate is 80M bytes/sec. 

3. The 88100 includes 32 general-purpose registers. 


HARDWARE 


From Motorola: The company has announced its Platform-88 
($39,500) for system developers. The computer should be available for 
shipment now. 

From others: Various 88000 hardware is available from Beacon Tech- 
nologies (Valparaiso, FL); Golden Triangle Computers Inc (San Diego, 
CA); Integrated Micro Products Ltd (Durham, UK); Tadpole Technology 
(Cambridge, UK, and Dublin, CA); and Tektronix Inc (Beaverton, OR). 


——— CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


Motorola Inc 

Microprocessor Products Group 
6501 William Cannon Dr W 
Austin, TX 78735 

Phone (800) 441-2447 


For more information, Circle No. 404 


Status: The 88000 P family was announced in April ’88. At the intro- 
duction, Motorola not only unveiled its two chips but also produced a 
list of more than 50 companies that have adopted the 88000 pP family 
or were developing software for it. Further bolstering the position of 
the nascent 88000, an independent group of manufacturers has already 
founded the 880pen Consortium Ltd (Stratham, NH) to support and 
promote the ~P family. More than simply a promotional trade group, 
the consortium develops standards, like the Binary Compatibility Speci- 
fication, which allows applications written for the 88000 to execute on 
all 88000 hardware. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

The integer-math instructions include add, subtract, divide, multiply, 
and compare. There are equivalent floating-point instructions as well 
as integer-float conversion, store, exchange, round, and truncate in- 
Structions. The instructions also provide logical and bit-field operations. 
li—DATA-MOVEMENT INSTRUCTIONS 

The basic data-movement instructions let the CPU load registers, ad- 
dresses, and the control register’s contents. The CPU can also store 
information and exchange the contents of registers and memory. The 
instruction set includes operations that move data within the floating- 
point math unit. 

lli—PROGRAM-MANIPULATION INSTR 

These instructions include conditional and unconditional branch, jump, 
and subroutine-call commands. The 88100 also provides trap instruc- 
tions that check bit locations, memory boundaries, and interrupt condi- 
tions. 

iV—PROGRAM-STATUS-MANIP INSTR 

The 88100 can process exceptions—those conditions that cause the 
processor to stop its operation and locate a potential problem. Excep- 
tions include interrupts, memory-access faults, math errors such as 
divide by zero, and trap instructions. 


Specification summary: The 88100 provides register-to-register op- 
erations for all data-manipulation instructions. Separate source and 
destination registers are available. The CPU supports register-to-regis- 
ter and register-plus-immediate-value address modes. Because ad- 
dress calculations are quick, memory-access operations are speedy, 
in keeping with the RISC philosophy. The CPU employs delayed branch- 
ing, which reduces pipeline delays due to a change in program flow. 
The 88200 incorporates 16k bytes of cache memory as well as cache- 
control logic, memory-management logic, and bus-control circuits. Mul- 
tiple CMMUs can operate in parallel. Both the 88100 and 88200 come 
packaged in 180-pin PGA packages. The chips operate over the stan- 
dard 0 to 70°C temperature range. 


SOFTWARE 


From Motorola: The Platform-88 computer runs Motorola’s Unix Sys- 
tem V.3 as well as other languages and development tools such as 
an assembler, a code scheduler, and optimizing C and Fortran com- 
pliers. 

From others: A variety of compilers and applications are available 
for the 88000. See the 880pen software catalog. 


EDN November 23, 1989 


80960 


AVAILABILITY: 16-, 20-, and 25-MHz 80960KA and KB in PGAs in 
production; 16-MHz plastic quad flatpack (PQFP) sampling. 16-, 20, 
and 25-MHz '960MC in PGAs and QFPs in production. The ’960CA is 
sampling now, production is scheduled for fourth qtr ’89. 

COST: Prices depend upon speed, package, and temperature range, 
but in 1000s, range from $94 to $158 for the '960KA, $179 to $285 for 
the '960KB, $920 to $1220 for the '960MC, and $213 to $325 for the 
’960CA. 

SECOND SOURCE: Internally sourced from three different Intel facili- 
ties. 


Description: The 80960 is Intel’s 32-bit family of ~P chips that has 
been designed specifically for embedded-control applications. There 
are four upwardly compatible versions of the RISC-based architecture. 
The family includes the basic 80960KA core version, which provides 6 
to 12 VAX MIPS (depending on frequency); the 80960KB, which includes 
an on-chip floating-point math unit; the 80960MC, which comes with 
on-chip memory-management/protection and multiprocessor. support; 
and the 80960CA, which features a software-configurable pipelined 
bus, 1.5k bytes of on-chip data RAM, a 1k-byte, 2-way set-associative 
instruction cache—which you can lock for real-time operation—and a 
4-channel chaining DMA processor. The ’960MC is a military version 
of the chip, which supplies multiprocessing and Ada-tasking support. 
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Hardware notes: 

1. Unlike other RISC processors, the '960 provides only one data bus 
for instructions and data. The bus multiplexes address and data infor- 
mation. 

2. The basic ’960 chip includes 16 32-bit global registers and 16 32-bit 
local registers. The stack requires one global and three local registers 
for housekeeping operations. 

3. The floating-point math unit (B0960KB) operates from four 80-bit 
registers. 


HARDWARE 


From Intel: The EVQT960E ($960) with 256k bytes of 2-wait-state 
memory and the EVQT960F ($1960) with 256k bytes of zero-wait-state 
memory are serially hosted evaluation and prototyping boards for the 
80960KA/KB. The EVA960KB board ($4500) is a PC/AT-compatible 
board with onboard debug monitor and up to 4M bytes of dynamic 
RAM. The EXV960MC board ($9000) is a 25-MHz Multibus | develop- 
ment board for military and Ada applications. The EV960CA is an evalu- 
ation board for the 80960CA. ICE960KB ($16,495) is available for the 
80960KA/KB. 

The 85C960 is a bus control chip for the KA/KB; the 27960CX/KX are 
high-speed burst EPROMs for the 80960KA/KB/CA; the 27C202 is a 
high-speed 16-bit-wide EPROM for the KA/KB/CA. The 82380 is a 
multifunction peripheral with timer-counters, 8 channels of DMA, and 
15 interrupt inputs that can interface to the '960KA/KB/MC. The M82965 
is a bus interface component that provides multiprocessing and fault 
tolerance support for the 80960MC. Intel provides a number of public- 
domain designs using all of these components. 

From others: 80960CA Multibus II boards are available from Micro 
Industries. 80960CA VME boards are available from Heurikon ($3995) 
and Tadpole. Fluke provides logic-analyzer support. 


EDN November 28, 1989 


——— CHARACTERISTICS 


SUPPORT 


32-BIT CMOS 


intel Corp 

Embedded Controller Operation 
5000 W Chandler Bivd 
Chandler, AZ 85226 

Phone (602) 961-8051 


For more information, 
Circle No. 405 


Status: Since the 80960 family’s introduction, the family has enjoyed 
widespread acceptance in a broad spectrum of commercial and military 
designs. The 80960 family played a role in legitimizing 32-bit embedded 
control as an important market. Intel’s approach is family oriented; not 
only is there a wide range of 32-bit CPU solutions at different price/ 
performance levels, but also 80960-specific support components such 
as the 27960 burst EPROM and 85C960 bus control component. Intel 
claims the total ‘‘kit’’ approach exists to serve embedded-control cus- 
tomers with an easy-to-design-with set of CPU and peripheral parts. 
The 80960 architecture scored a key endorsement when it was chosen 
as one of two 32-bit instruction set standards by the military to succeed 
the 16-bit 1750A standard. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Bit operations, unsigned and signed byte, unsigned and signed half- 
word (16-bit quantity), unsigned and signed word operation. All CPUs 
have hardware multiply/divide unit. Extended arithmetic support allows 
math operations on operands larger than one word. Floating-point op- 
erations on single-, double-, and extended-precision operations are 
supported in hardware on the KB and MC versions. 
li—DATA-MOVEMENT INSTRUCTIONS 

Bytes, half words, words, double words, triple words, and quad words 
can be moved to and from memory. Memory operations are supported 
by a full complement of addressing modes, including |P relative. All 
CPUs support unaligned memory operations. 
lli—PROGRAM-MANIPULATION INSTR 

Both Berkeley and Stanford forms of subroutine call, return; several 
types of branch instructions. Full set of conditional tests, including bit 
test and jump. 

iV—PROGRAM-STATUS-MANIP INSTR 

Process control word and arithmetic controls can be modified under 
program control. 

V—SYSTEM-LEVEL INSTRUCTIONS 

Seven different types of trace controls. Hardware and software break- 
points. 80960CA has operations to program DMA channels and control 
hardware features such as locking the cache. 80960MC has operations 
to directly support shared memory multiprocessing. 


Specification summary: The 80960KA has a 512-byte instruction 
cache, a 256-byte register cache, and a 4-input interrupt controller. 
The 80960KB is socket compatible with the 80960KA but features an 
on-chip IEEE-P754-compatible floating-point unit. The 80960MC adds 
an MMU and multiprocessing support to the features of the KB. Finally, 
the 80960CA allows multiple-instruction-per-clock execution and offers 
a 4 clock-cycle 32-bit multiplier, 8 interrupt inputs, a 1k-byte lockable 
instruction cache, 1.5k bytes of on-chip RAM, a register cache configur- 
able to 15 levels, 4 DMA channels, and a software-configurable bus. 


SOFTWARE 


From Intel: ASM960 ($900 for the PC/AT) includes an assembler and 
linker for the 960 family. iC960 ($700 for the PC/AT) is a full ANSI C 
compiler for the '960 family. Gen960 builds memory images for the 
KA/KB/MC/CA. Hosts include the PC/AT, Sun3, VAX/VMS. Ada960 
($28,000 and up) is available for VAX/VMS. RMK960 ($1500) is a real- 
time kernel for 80960KA/KB. SIM960CA ($750, PC/AT) is a software 
simulator for the 80960CA. DB960 ($2500) is a C source-level debugger 
hosted on a PC/AT for both the KA/KB and CA targets. 

From others: Wind River VxWorks provides a full-featured operating 
environment that includes file system support, TCP/IP networking. 
Ready Systems VRTX32 ($4810) provides a deterministic real-time ker- 
nel for the 80960 family. Microtec Research provides a complete 80960 
tool chain, from C compiler through XRay debugger. QTC provides an 
instruction scheduler/optimizer for the 80960CA. The Solutions960 
catalog from Intel describes additional 80960 tools and applications. 
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AVAILABILITY: The 33-MHz version will be available in the fourth qtr 
89. Samples are currently available. 

COST: The 33-MHz i860 costs $750 (1000). 

SECOND SOURCE: None. 


Description: The i860 CPU is a 64-bit wP designed to provide bal- 
anced performance across integer, floating-point, and 3-D graphics 
operations. The »P incorporates a RISC integer unit, a floating-point 
adder, a floating-point multiplier, an 8k-byte data cache, a 4k-byte in- 
struction cache, a paging and MMU, and a 3-D graphics unit. The i860 
runs Unix but is not designed to run 386 software. 
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HARDWARE 


From Intel: Information not provided by manufacturer. 


———— CHARACTERISTICS 


SUPPORT 


64/32-BIT CMOS 


Intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
Phone (408) 987-8080 


Intel Corp 
Embedded Controller Operation 
5000 W Chandler Bivd 
Chandler, AZ 85226 
Phone (602) 961-8051 

For more information, 
For more information, Circle No. 407 
Circle No. 406 


Status: 33- and 40-MHz samples are available now. Volume produc- 
tion is scheduled to begin late this year. The i860 has amassed more 
than 50 design wins to date in supercomputer, minicomputer, 3-D 
graphics workstation, and application accelerator designs. Multiproces- 
sor version of Unix/System V rel 4.0 will be available in 1990. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

Integer arithmetic, logicals, and shifts. Integer multiply. IEEE-754 float- 
ing-point add, subtract, multiply. Single and double precision, and con- 
versions between. Reciprocal and square-root seed instructions. Spe- 
cial ‘‘dual operation’ floating point allows 2 operations per clock. 
Graphics instructions for pixel interpolation and Z-buffer check. 
li—DATA-MOVEMENT INSTRUCTIONS 

16-, 8-, and 4-byte floating-point loads and stores, with variable strides 
and autoincrement. 4-, 2-, and 1-byte integer loads and stores. Trans- 
fers between integer and floating-point registers. Special load instruc- 
tion assists data caches. Pixel-store operation of 8 bytes. 
lll—PROGRAM-MANIPULATION INSTR 

Unconditional and conditional branches, both ‘‘delayed’”’ and nonde- 
layed forms. Single-cycle loop control operation. Indirect call and indi- 
rect branch. Dual instruction mode allows execution of 2 instructions 
per clock. 

IV—PROGRAM-STATUS-MANIP INSTR 

Data breakpoint register for breakpoint debugging. Big-endian mode 
bit switches between access modes. Cache-control bits for cache lock- 
ing and testing. 

V—SYSTEM-LEVEL INSTRUCTIONS 

Lock/unlock instructions for semaphores. Flush instruction for write- 
back data cache. Single-cycle translation look-aside buffer and instruc- 
tion cache invalidate. 


Specification summary: Information not provided by manufacturer. 


SOFTWARE 


From Intel: Information not provided by manufacturer. 


EDN November 23, 1989 


2900, 29C00, 29G00 BIT SLICE 


AVAILABILITY: Now for bipolar parts and most CMOS variations on 
2900 theme. Varies for latest highest speed and widest data-word ver- 
sions. 

COST: $6 for 2901A/B/C (100); $20 for 2903A (100). See table for 
others. Prices for CMOS similar. 

SECOND SOURCE: None for original bipolar 2900. For new CMOS 
versions: IDT, Cypress, Wafer Scale Integration, Logic Devices, and 
others. Vitesse (29G01) has a $61 (100) 80-MHz GaAs version. 
CORE: Most of the sources for CMOS 2900 also have either the family 
parts in their cell library or intend to have them. In addition, there are 
companies, such as VLSI Technology, that may not have standard 
2900 parts, but still have them in their cell libraries. 


Description: Ever-growing and changing family of mostly TTL bus- 
compatible, bit-slice building blocks. By now almost all possible semi- 
conductor technologies are being used: bipolar (both TTL and ECL 
internally), CMOS, and even GaAs. Intended for microprogrammable 
systems in which they emulate existing computers or for use in special- 
ized digital controllers. Latest twist is to use them as macrocells in 
semicustom libraries. 
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Specification summary: TTL bus-compatible building blocks for 
creating moderately high-performance computers and controllers. 
Slices were originally 4 bits wide but now can be as much as 32 bits 
wide. Parts include sufficient features for emulating most computer 
architectures. User defines end product’s macroinstruction set by mi- 
croprogramming ROM. RALUs (2901, 2903, and 29203) respond to 8 
and 16 basic instructions (2903 and 29203 include multiply and divide 
and floating-point normalization) within one clock cycle of 50 to 125 
nsec (2901C performs 16-bit add in 83 nsec). Original family parts 
fabricated entirely from Schottky TTL. Now fine-geometry (near 1 .m) 
CMOS can produce equivalent speeds at lower power consumption. 
With CMOS, there’s a trend to consolidate multiple 2900 functions on 
chip and to go to new space-saving packages. 


HARDWARE 


From third parties: Step Engineering (Sunnyvale, CA) offers new 
lower-cost PC XT/AT-based Microstep microcode development station 
($3695). It consists of plug-in card for PCs containing 25-nsec RAMs 
to simulate a 128 x 4k-bit microcode ROM plus debug/control software. 
It would be used in conjunction with Step’s Metastep Microprogram 
language ($3000, or $6195 bundled with Microstep). Step’s full-fledged 
Step-40 is expensive, but it has 10-nsec, 512 x 64k-bit microcode ROM. 
Hardware tools also available from HiLevel Technology (Tustin, CA) 
and others. 

For ASIC: Silicon compilers for members of 2900 family (2901, 2910, 
2913, and 2940) are in VLSI Technology’s compiler library. 


EDN November 23, 1989 


SUPPORT 


4-BIT xN, 16-BIT, 32-BIT; BIPOLAR 


CMOS, AND GaAs 


Advanced Micro Devices 
901 Thompson Pi 
Sunnyvale, CA 94086 
Phone (408) 732-2400 


For more information, Circle No. 399 


Status: This bit-slice family has been around a long time. Each time 
its life seems over, it is reborn. Now it’s getting new life from CMOS 
versions from many different sources. These versions have almost the 
same speed as the original bipolar—some suppliers claim equal or 
better speed—and only a fraction of the power consumption. The archi- 
tectural motivation usually is to attain higher levels of parallelism with 
wide microinstructions, in which many fields control different hardware 
blocks. In many instances the CMOS versions are part of macrocell 
libraries, So that they can be assembled (ideally by a customer engineer 
at his or her workstation) into single-chip or few-chip semicustom VLSI 
solutions. The 2900 family is never likely to see especially high unit 
volumes because parts costs are too high. 


——— CHARACTERISTICS ———— SOFTWARE 


User defines macroinstruction set by microprogramming ROM. Parts 
respond to the following instructions: 

i—DATA-MANIPULATION INSTRUCTIONS 

2901 performs three arithmetic functions on two operands, as well as 
five logic functions. 

2903A performs seven arithmetic functions and nine logic operations, 
as well as multiply and divide. Simultaneous add (or subtract) and shift 
possible. 

29203 has floating-point-normalize instruction. 
li—DATA-MOVEMENT INSTRUCTIONS 

16 working registers in RALU RAM can be addressed two at a time for 
supplying two operands to the ALU simultaneously. 
llil—_PROGRAM-MANIPULATION INSTR 

Defined by user in microcode. 2930 program-control unit executes 32 
fetch and branch instructions. 

iV—PROGRAM-STATUS-MANIP INSTR 

2904 shift and status-control chip provides two status registers for the 
4-bit carry, overflow, zero, and negative. Bits can be set or cleared. 
Shift through carry or overflow. Borrows can be stored for subtract. 


BASIC 2900 PARTS 


# ON COST 
PART DIAGRAM DESCRIPTION (100 QTY) 
2901/B/C $6 
29C01 $6 
29C101 $35 
2902A $1.80 
2903/A $20 
29203 ALU (BCD) $20 
2904 $16 
29705/A 2-PORT RAM $10 
2909/A MICROPROGRAM CONTROL UNITS $5 
2910/A $13 
29C10A $13 
2911/A $4 
29803A $4 
29811A $3 
2930 PROGRAM CONTROL UNITS $20 

(RELATIVE ADDRESSING) 

2932 $18 
2913 INTERRUPT $5 
2914 $10 
2905 TRANSCEIVERS $5 
2906 $7 
2907 $4 
2915A $5 
2916A $4 
2917A $4 


SOFTWARE 


From third parties: Step Engineering (Sunnyvale, CA) offers Metas- 
tep, a generalized software language for developing microcode ($3000). 
it runs on CPM/68K, MS/DOS, VAX/Unix, and VAX/VMS. It is claimed 
to have the flexibility and structure to greatly ease the tedious and 
error-prone software side of microcode system development. Software 
tools also available from HiLevel Technology (Tustin, CA) and others. 
Literature: Bit Slice Microprocessor Design, by John Mick and Jim 
Brick, McGraw-Hill, NY, NY, 1980. 
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29300, 29C300 


AVAILABILITY: 29300 and C300 available now in several speed 
grades. 29400 ECL discontinued in favor of advanced CMOS. 

COST: A set of 29300 chips costs less than $350. 

SECOND SOURCE: None directly but, especially for CMOS parts, TI 
and Weitek offer 32-bit building blocks. 


Description: 32-bit bipolar and CMOS building-block chip set that 
follows concepts established by 2900 bit-slice family, but with two major 
differences. First, family members all have a fixed, 32-bit data width. 
Second, the architecture and resulting microinstruction set are opti- 
mized for easy compiler writing. State-of-the-art performance has been 
achieved, as indicated by 70-nsec microinstruction cycle times and a 
32 x 32-bit multiplier (50 nsec). 


HARDWARE 


THREE DATA BUSES 


CONTROL 
4 x 29334 REG 


1 x 29331 SEQ 


STACK 
(83 LEVELS) 


MICRO PROGRAM 
COUNTER 


PROG STORE 


64k x 16 TO x128 


TYPICALLY 
x32 TO x64 


1 x 29323 MULTIPLIER 


CONTROL 


FLOATING 
POINT 
ALU (32) 


PART AVAIL- COST 
NUMBER DESCRIPTION PERFORMANCE ABILITY |(100 QTY) 
TTL 
29331 16-BIT SEQUENCER 75 nSEC $88 
29332 16-BIT ALU 75 nSEC $220 
29334 84x18 REG FILE 24 nSEC $80 
29337 BOUNDS CHECKER 20 nSEC $22 
CMOS 
29C323 32-BIT MULTIPLIER 100 nSEC $119 
29C323-2 32-BIT MULTIPLIER 50 nSEC $238 
29C331 16-BIT SEQUENCER 90 nSEC $72 
29C331-2 16-BIT SEQUENCER 70 nSEC $99 
29C332 32-BIT ALU 80 nSEC $175 
290334 64x18 REG FILE 30 nSEC $54 
29C334-2 64x18 REG FILE 20 nSEC $86 
29325/12 | 32-BIT SINGLE PRECISION 120 nSEC $99 
29325A 32-BIT SINGLE PRECISION 70 nSEC $269 
29C325/12 | 32-BIT SINGLE PRECISION 120 nSEC $99 
29C327  =|64-BIT DOUBLE PRECISION 125 nSEC $329 


NOTE: 
325 AND '327 PERFORMANCE SPEC REFERS TO CLOCKED MULTIPLY TIME. 


Hardware notes: 

1. Many different architectures possible because of flexibility of parts. 
2. Possibility of sharing dual-ported registers between two ALUs so 
that address calculation and data manipulation occur simultaneously 


HARDWARE 


From third parties: Step Engineering offers new lower-cost PC XT/ 
AT-based Microstep microcode development station ($3695). It consists 
of plug-in card for PCs containing 25-nsec RAMs to simulate a 128 x 4k- 
bit microcode ROM plus debug/control software. It would be used in 
conjunction with Step’s Metastep Microprogram language ($3000, or 
$6195 bundled with Microstep). Hardware tools also available from 
HiLevel Technology and others. 


————— CHARACTERISTICS 


SUPPORT 


32-BIT BIPOLAR AND CMOS 


Advanced Micro Devices 
901 Thompson PI 
Sunnyvale, CA 94086 
Phone (408) 732-2400 


For more information, Circle No. 400 


Status: Supplier is sitting on both sides of the RISC-CISC, high-per- 
formance 32-bit debate: the 29000 RISC pPs and the 29300 pPs. RISC 
chips use combinatorial logic to get instructions down to single-cycle 
execution. The 29C300 also executes instructions in a single cycle, 
but implementing complex instruction sets on the C300 requires a 70- 
nsec clock cycle. The 29000 RISC family can operate faster. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 
For 29332 ALU: includes 64-bit n-bit shift-up/down funnel shifter that 
can be combined with logic functions. Multiply and divide (one bit at a 
time). Priority encoding to support floating-point operations and graph- 
ics. 

For 29325 floating point: efficient execution of Newton-Raphson divi- 
sion and Horner’s method of polynomial evaluation. Both IEEE and 
DEC formats (addition, subtraction, multiplication) with conversion be- 
tween two modes. 

For 29323 32 x 32-bit multiplier: single- or double-precision multiply in 
one or four cycles, respectively. 

lli—DATA-MOVEMENT INSTRUCTIONS 

For 29334 64x 18-bit register file (cascaded for full word width and 
desired length and used in conjunction with ALU): individual write for 
byte, 16-bit half word, or 32-bit full word. 
lli—PROGRAM-MANIPULATION INSTR 

For 29331 microprogram sequencer: instructions designed to support 
high-level-language constructs. 

The 33-level stack supports interrupts, loops, subroutine nesting, and 
multitasking at microlevel. 

Microtrapping for reuse of prior microinstruction. 

No support for relative addressing, because designers wanted to avoid 
performance penalty of adder, but decisions and interrupts handled 
on chip for fastest response. 

IV—PROGRAM-STATUS-MANIP INSTR 

Status registers in ALU, floating point, etc. 


Software notes: 
1. Designers say they endeavored to keep instructions orthogonal and 
symmetrical to ease task of compiler writing and facilitate structured 
microprogramming. 
2. Self-checking implemented by parity bits in register file and by parity 
in off-chip data paths and ability to parallel units and compare results. 


Specification summary: Building blocks for 32-bit-wide micropro- 
grammable computer systems. Core set includes five parts (see table) 
that can stand alone or be used in mixed systems. Architecture supports 
features needed on advanced minicomputers, like parity checking and 
master/slave functional comparisons. Also suited for direct, very fast 
execution of high-level languages via compiled microcode. Triple data- 
bus architecture, with unidirectional buses for minimum speed loss 
caused by bus turnaround. Architecture sufficiently open to allow inclu- 
sion of performance accelerators. Family includes floating-point unit 
and 1-cycle fixed-point multiplier. TTL packages incorporate three low- 
profile horizontal fins to handle 4 to 7W heat dissipation. CMOS ver- 
sions will dissipate in the 1W range and will not require heat sinks or 
cooling airflow. 


within cycle. (Each ALU would have its operands and result read and 
written into a common multiported register file.) 
3. Deep pipelining avoided so there can be fast response to decisions. 


SOFTWARE 


From third parties: Step Engineering offers Metastep, a generalized 
software language for developing microcode ($3000). It runs on CPM/ 
68K, MS/DOS, VAX/Unix, and VAX/VMS. It is claimed to have the 
flexibility and structure to greatly ease the tedious and error-prone 
software side of microcode system development. Software tools also 
available from HiLevel Technology and others. 
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FOR YOUR LABORATORY— BENCH-TOP POWER SUPPLIES 
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MSK SINGLE OUTPUT 


Model 
MSK 10-10M 


Powerful linear power supplies with unique “preview” feature 
This new series gives you a selection of five models, offering 100 Watts 
of clean, stable benchtop power. The Kepco Series MSK features 

front panel 10-turn precision controls for voltage and current, with 
automatic crossover between modes. A pair of LED mode indicators 
(green for voltage mode, amber for current), two 3/2 digit meters and 
heavy duty output binding posts for easy connection to your 
breadboards, are also on the front panel. 

The preview switch (d-c on-off) allows you to pre-set voltage and 
current with the digital meters displaying the set values. At “d-c off”, no 
voltage is applied to the output terminals and no load current needs to 
be drawn to set the current control. At “d-c on”, the set voltage is 
applied to the output terminals. The appropriate mode indicator is lit, 
and the meters indicate actual voltage and current. 

Series MSK power supplies use fully dissipative, high gain linear 
(series pass) stabilizer circuits, for low noise output, good stability, and 
accurate resettability. A built-in quiet, low-speed fan ensures good 
cooling in the crowded environment of your laboratory. 


100 WATT MODELS | 


MODEL d-c OUTPUT RANGE POWER 
Volts Amps Watts 


T—wsnzvsw | oa | os | oo 
[msnaezsm | ow | 025 [010 
[meee | os | oz | ov 


DIMENSIONS: 53/4”*H x 81/8’"W x 135/32”D  *including feet 
NET WEIGHT: MSK 10-10M, 20-5M, 40-2.5M, 60-2M...19 Ibs. MSK 125-1M... . 22 Ibs. 


STATIC SPECIFICATIONS 


VOLTAGE CURRENT 
INFLUENCE QUANTITY MODE MODE 
0.01% 
0.01% 0.05% 


0.01% 0.02% 
0.01% 0.02% 
0.02% 


0.01% 


Note: Percentage values are referenced to the maximum rated voltage or current of the unit. 


For complete specifications send for MSK brochure 146-1619. 


Data subject to change without notice. 


T 


MPS 620M TRIPLE OUTPUT 


This power supply has been 
specifically designed to meet the needs of the 
IC/microprocessor experimenter. 


The MPS 620M is actually two linear (series pass) 
power supplies in one: The first has a single 0-6V, 
0-5A output for digital work; the second has two 
tracked outputs, 0 to +20V and 0 to — 20V, both rated 
at O-1Amp. The two power supplies are completely 
isolated from each other, sharing only the front panel 
meters and the chassis. 


The 0-6V output is continuously adjustable with a 10- 
turn control on the front panel, and is backed up by a 
current limiter and overvoltage crowbar. The crowbar 
is set by a locking-type screwdriver adjustment. The 
fixed rectangular current limit circuit is set to 
approximately 110% of maximum current. The dual 

0 to + 20V outputs are continuously adjustable by a 
single 10-turn front panel control, and tracking is better 
than +1% + 10mV. The outputs can be used in series 
to provide 0-40V, but since they share a common 
(center) terminal, they cannot be used in parallel. Both 
outputs are equipped with adjustable current limits. 


70 WATT MODEL 


OUTPUT VOLTS 


Outputs 2 and 3 are tracked. 
Output 1 is protected by an overvoltage crowbar. 


DIMENSIONS: 57/32”H x 1217/32”W x 127/8"D NET WEIGHT: 29 Ibs. 


STATIC SPECIFICATIONS 


OUTPUT EFFECTS 
0 to 6V Oto +20V 
INFLUENCE QUANTITY Output Output 


RIPPLE and NOISE 
(oo st «tm | oa 


For complete specifications 
send for MPS brochure 228-0802. 
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MSK, the bench Péwer Supply 
-. for your bench... 
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MSK are Kepco’s refined bench-top Power Supplies 
offering 100 Watts of linearly stabilized, low noise, 
isaac power in five ranges: 


Along with the usual remote error sensing, Kepco’s MSK have a unique 
preview feature by which you can set the voltage and current before 
applying power to your load. Meters are LCD, the controls are high 
resolution 10-turn types. The warranty is 5-year. 

The name plate says Kepco. Call/write for 4 pg. | brochure: 

Kepco, Inc., 131-38 Sanford Avenue —— 

Flushing, NY 11352 USA 

(718) 461-7000 * FAX: (718) 767-1102 sia eaeeiadieiiiieaeeiaiamnaia 
Easylink (TWX): 710-582-2631 == THE POWER SUPPLIER” 


And all the reasons 
lead to NEC’s MIPS 
RISC processors. 


J PRODUCT 
PERFORMANCE 


Pick any benchmark you want 
and the Vk-Series™ micros from 
NEC will deliver the highest 
sustained system performance 
and throughput available today. 
It’s what your customers want in 
your next system. And you get it 
because of the best optimizing 
compiler technology and the 
best designed computer archi- 
tecture for workstations, image 
processing, robotics, and 
embedded controllers. 


FAMILY 
MIGRATION 


Today’s VR-Series includes the 
295-MHz VR3000 CPU, a VR3010 
Floating Point Unit, and a 


RELATIVE PERFORMANCE 
25 


A RISC for 
all reasons. 


UPD31311 Quad Write Buffer. 
But there’s more to come: a 33- 
MHz CPU will be available early 
next year followed by a 60-MIPS 
ECL CPU and higher performance/ 


Integration CMOS uniprocessors. 


Now we have every reason to 
suggest the VR-Series is the 
global microprocessor archi- 
tecture of the nineties. 


MANUFACTURING 
CAPABILITY 


Another important reason is 
NEC’s ranking as the world’s 
largest manufacturer of micro- 
computers. This gives you a 
reason to feel confidence in our 
ability to deliver volume produc- 
tion of reliable products. And 
we've proven our ability to 
deliver key process technologies 
from multiple fabs with world- 
wide secure supply. All at the 
right price. 
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R3000 88000 29000 SPARC 
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WORLDWIDE 
SUPPORT 


NEC, together with MIPS 
Computer Systems and third- 
party developers, provides a 
complete development and 
execution environment to 
support your design and system 
requirements. Choosing NEC’s 
RISC family means you'll have 
multiple sourcing, strong UNIX™ 
OS and software tools, regional 
design center support, dedicated 
personnel, and the most 
advanced products. Now. 


SAMPLES 
NOW 


Four good reasons deserve 
another: Samples of the VR3000 
and VR3010 are available now 
along with technical docu- 
mentation and applications 
engineering support so you can 
start building real-world systems 
that meet the demands of your 
customers. 


Silicon Value in 
RISC Architecture 


Now you have every reason to 
call NEC and get immediate 
attention focused on your needs. 


NEC Electronics Inc. 

401 Ellis Street, P.O. Box 7241 
Mountain View, CA 94039-7201 
1-800-632-3531/1-415-965-6158 


©1989 NEC Electronics Inc. 


VR-Series, VR3000, VR3010, and uPD31311 
are trademarks of NEC Electronics Inc. 
UNIX is a trademark of AT&T. 


CIRCLE NO 79 


NEC 


74ACT8800 32-BIT CMOS | 


AVAILABILITY: See table. Texas Instruments Inc 
COST: See table for prices. Box 809066 
SECOND SOURCE: None. Dallas, TX 75380 


Phone (800) 232-3200, ext 700 
For more information, Circle No. 401 


Description: 32-bit processor building-block circuits composed of sin- 
gle-chip VLSI processor functions, all of which are designed for com- __ similar offerings from Weitek, AMD, and BIT. Future competition could 
plex processing applications. Instruction cycle times of 50 nsec or less _—_ include ASICs. The vendor claims that RISC chips don’t currently offer 
are achieved; low power consumption is attained with the vendor's _ the architectural flexibility to achieve the high levels of parallelism nec- 
Epic CMOS technology. essary for the RISC chips to compete with the Act8800. 


—— HARDWARE ————— CHARACTERISTICS ————— SOFTWARE 


Status: The Act8800 family of building block products competes with 


—aa I—DATA-MANIPULATION INSTRUCTIONS 
Sh ied For 8832 RALU: 
seLnr) ae 50-nsec cycle times, with simultaneous ALU and register manipulate 
aa ee 
7 6 REGISTER & r, su 0 or : 
te ‘a -— rahe Performs 32x 32-bit multiply/accumulate in flow-through mode in 48 
RernGS oan VEL me s sec (max) or can be pipelined for 30 nsec (max) operation. Signed, 
PAs-PAy ad fal eee ea PB,-PB, unsigned, or mixed-mode operations. 
ips Engh PERRB For 8847 FPU: 
— i 4 OEB Meets IEEE standard for single- and double-precision formats. Per- 
Se ee ee WS So Se forms floating point and integer add, subtract, multiply, divide, square 
ven N = Pe ee root, and compare. 
EA \ BM \ sm f EB,-EB, li— DATA-MOVEMENT INSTRUCTIONS 
log ; For 8832 RALU: 
ze Net / RIOT 3-operand 64W x 36-bit register file on chip supports byte-oriented op- 
—<— 1P,-1P erands for variable data-word widths. 36-bit width=32 bits data+4 
| wi = 


For 8841 Digital Crossbar Switch: 

64 bidirectional data |/Os in 16 4-bit groups. Two selectable hardwired 
switching configurations. Selectable stored data or real-time inputs. 
lli—PROGRAM-MANIPULATION INSTR 

CLK F 

For 8818 Microsequencer: 

Facilitates high-level-language constructs; deep 65 x 16 stack supports 


interrupts. Performs multiway branching, conditional subroutine calls, 
and nested loops. 


= 
| 
< 
° 
° 


a i ESIOsIESIOo§~—s Marrity bits. On-chip parity generation/checking. 


a a 4 
S103-SIO, 
£ i ey, / 
<2: PA iter / 
as a 
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PARITY <x 
GENERATE 2 as 

i 

pres 


SELMQ iV—PROGRAM-STATUS MANIP INSTR 
For 8818 Microsequencer: 
« Ye ee a Decrement loop counter and branch instructions. CC input allows condi- 
od pues tional branching based on external status. 
ca ems | >0 Z.C.OVR.N 
PARITY STATUS 
SLAVE 4 BYOF; : ; : F 
, . 32 |_COMPARE BYOF Software note: Instructions described are for 88XX family devices. 
8XX instructions are a subset, and the two sets are completely compat- 
PERRY PY3-PYo OEY3-OEY, Y31-Yo MSERR ible. 


Hardware notes: 


1. Diagram represents the 8832 32-bit registered ALU. Family architec- 
ture facilitates the high degree of system parallelism possible with 
“wide’’ microcoding, allowing designer to operate devices simultane- 
ously for greater throughput. 

2. All devices are low-power CMOS. 


Specification summary: Building blocks for microcoded custom 
CPU architectures. All devices use TI’s Epic CMOS process. The archi- 
tecture is designed to support high-performance minicomputer, work- 
station, and graphics machines by incorporating features like parity 
generation/checking and master/slave operation for tandem process- 
ing. Worst-case cycle times of 50 to 75 nsec can be accomplished with 
relatively low power dissipation. Large-pin-count devices (see table) 
are packaged in pin-grid arrays and plastic leaded chip carriers. 


HARDWARE ————————- SUPPORT ————————— SOFTWARE 


TI offers the 8800 Software Development Board Design Kit as an evalu- 
ation and training tool. The kit includes a board assembly, user’s guide, 
floppy disk with tools written in Microsoft C, and microcode definition 
files for use with microcode development tools. Built on a PC/AT card _ clock cycles, measured from the input of control and data to the output 
occupying a single slot, the 8800 SDB contains an Act8818 microse- _ of results and status. 
quencer, an Act8832 RALU, and an Act8847 floating-point unit/integer | Behavioral simulation models for the Act8800 family are available. 
unit, along with 32k x 128 bits of microcode memory. The board oper- These models have the timing control and error-handling capability to 
ates under an MS-DOS environment. perform pc-board and system simulation. They also contain an expert 
debugger. Behavioral models are available from Logic Automation Inc 
(Beaverton, OR) and Quadtree Software (San Jose, CA). 


Tl offers functional evaluation modules for the Act8800 family, which 
are written in Microsoft C and can be used in stand-alone mode or as 
callable functions. These models correctly represent device timing in 
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Tomorrow's manufacturing 
tecnnologies today... 

without the 
Investment. 


itisE nine PRE ARERERTAR 


Philips Circuit Assemblies is your leading source for custom 
printed circuit board assemblies, subassemblies and complete 
box-level contract manufacturing of your electronic products. 


We’re specialists in PC board assembly, committed to long-term 
service to customers. 


We'll work with you at any stage of product development — 
design the board to your specifications, adapt your existing cir- 


cuitry to higher-density configurations, or reduce circuit size to 
meet system packaging goals. 


Fast, economical solutions. 


Our high-speed, flexible placement equipment can meet your 
most difficult demands — including high pin-count, fine-pitch 
placement. You take advantage of state-of-the-art technologies 


immediately, while reducing capital investment and limiting 
on-hand inventory costs. 


Philips Circuit Assemblies provides you with both high-volume 
and low-volume turnkey manufacturing with total test 
capabilities — including in-circuit, functional, and burn-in. In ad- 
dition, custom-designed hardware and software test systems 
can be developed for your specific requirements. 


To learn more, write for our capabilities catalog: Philips Circuit 
Assemblies, A Division of North American Philips Corporation, 
Corporate Advertising, 2001 W. Blue Heron Blvd., P.O. Box 
10330, Riviera Beach, FL 33404, or call 1-800-522-7752 (in 
Wisconsin, dial 414/785-6359). 
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WORD-SLICE GP NUMERIC 
PROCESSOR 


AVAILABILITY: Now for most parts; see table. 

COST: $20 to $300; see table. 

SECOND SOURCE: No direct source, except for industry-standard 
multipliers. Similar functions are available from AMD, Cypress Semicon- 
ductor (San Jose, CA), Integrated Device Technology (Santa Clara, 
CA), Wafer Scale Integration (Fremont, CA), Weitek (Sunnyvale, CA), 
and many others. 


Description: Follows trend established with 2900 bit-slice family of 
providing building blocks that system designers can use in micropro- 
grammed systems. This family has been found suitable for general 
numeric or number-crunching applications, such as accelerators. Sup- 
pliers goal was to provide microprogram sequencers and address 
generators that could be used with supplier's floating- and fixed-point 
multipliers to design complete systems. 


HARDWARE 


CONTROL ADDRESS 


1402 PROGRAM SEQUENCER 
(50 nSEC) 


MICROCODE MEMORY (25 nSEC) 


1410 
ADDRESS 
GENERATOR 
(90 nSEC) 


MANIPULATION 


SEE NOTES 2 AND 3 


ae ee 321X, 322 x, 3264 a 


7 MULT AND ALU 
(50 nSEC) 


DATA 
MEMORY 
BY USER 


1101 
INTEGER ARITH [_) 
(80 nSEC) 


DATA BUS 


1110A 


85 nSEC) 


ASSORTED 
FIXED-POINT 


Ss MULTIPLIERS ee 
AND MACs: 
8, 12, 16,AND 24 BIT 
Ss 3128A 
MULTIPORT —/ 
REG FILE 


Hardware notes: 

1. Architecture shown is only one of many possibilities. 

2. Microcode memory can be 64k deep. It can be as wide as designer 
needs for simultaneous control of one or more data pipes (typically 
approximately 100 bits). 

3. Microcode memory can be RAM for downloading of algorithms from 
host. 


Specification summary: Microprogrammable chips set for numeri- 
cal processing, permitting increased throughput by user-developed par- 
allelism. Consists of various multipliers and multiplier accumulators (see 
table) and microcode program sequencers and address generators 
(see table). It can be driven by a 10-MHz clock, and within resulting 
100-nsec cycle, can perform complete instructions (obtain data from 
memory and process it). Most recent versions support 50-nsec cycle. 
Sequencer helps host computer download code into a RAM micropro- 
gram store (for accelerator applications). Fabricated in CMOS. 


HARDWARE 


Supplier recommends same approach to development systems as that 
used with bit-slice microcoded components (ie, the AMD 2900 family). 
Suitable ROM-simulation systems are available from Step Engineering 
(Sunnyvale, CA) and HiLevel Technology (Tustin, CA). Similar aids are 
offered by Tektronix and Hewlett-Packard. 


————— CHARACTERISTICS 


SUPPORT 


16-BIT CMOS ,»P BUILDING BLOCKS 


Analog Devices Inc 

Digital Signal Processing Div 
Box 9106 

Norwood, MA 02062 

Phone (617) 329-4700 


For more information, Circle No. 402 


Status: These parts are available now. 


SOFTWARE 


I—DATA-MANIPULATION INSTRUCTIONS 

For ADSP-1101 16-bit integer arithmetic unit: 

Add and subtract, multiply, multiply and accumulate (MAC). 
Conditional multiply and accumulate. 

Dual 40-bit accumulator control and internal feedback. 

Logicals and shifts. 

Block floating-point shifters and control. 

For ADSP-321X/2X floating-point multipliers and ALUs: 

Multiply single-precision floating point, double-precision floating point, 
and 32-bit fixed point. 

Complete arithmetic and logical ALU operations. 

Complete format-conversion operations. 

li—DATA-MOVEMENT INSTRUCTIONS 

For ADSP-1410 16-bit address generator: 

Preupdate and postupdate mode conditional looping (zero overhead). 
Add or subtract increments or offsets to pointers. 

Register transfers. 

Logicals and shifts. 

Bit-reverse output (for FFT). 

lil & IV—PROGRAM-MANIPULATION AND -STATUS INSTR 
For ADSP-1401, 16-bit program sequencers: 

Jump and branch-absolute, relative and indirect. 

Push, pop data, counters, and pointers to subroutine stacks. 
Modify subroutine stack and register stack pointers. 

Interrupt masking and control. 

Writable control store (for downloading). 


SOFTWARE 


Mnemonics with microcode fields are available from the supplier for 
use with a meta-assembler. These programs can be used by a designer 
to create a design-dependent assembly-level language. Step Engineer- 
ing, HiLevel Technology, and Microtek Research (Santa Clara, CA) 
meta-assemblers support parts via definition files for Word Slice mne- 
monics. Most of the parts are included in Logic Automation (Beaverton, 
OR) simulation libraries. 
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Now that 
weve been properly 
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ey David Roman TSC« ‘8 (2-Mbbit) part; and a 4-Mbit 
o — Intel Corp. chair- 16, which will be in production 


1 Moore will intro- in August. 

y's hi Moore said these chips could 
at reduce the number of memory 
chips in a system up te 75% 
while facilitating the design of 
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mstrate Toshiba Corp. are the only man- 
1 t to ufacturers shipping either 2- or 
ee 4-Mbit EPROMs, according to 
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take me home 


Recently, we announced our commit- 
ment to 2- and 4-Mbit EPROMs. And now, 
were shipping our 2-Mbit EPROMs in 
volume. With our 4-Mbit EPROMs right 
behind them. 

But, this high-speed ramp should 
hardly come as a surprise. After all, we 
invented the EPROM and have always 
been the volume leader. 

And weve produced this latest gen- 
eration with the same proven 1-micron 


CHMOS'IIIE process as our 1-Mbit EPROMS. 


SO we can deliver 2-Mbit production 
quantities in no time at all. 


*CHMOS is a patented process of Intel Corp. 
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As you can see from the chart, we're 
the EPROM source you've been looking 
for. Only Intel gives you the widest 
range of densities, from 16K to 4-Mbit. 
And thats just the beginning. We also let 
you choose byte-wide or word-wide 
architectures. PLCC or CERDIP packag- 
ing. And a range of speeds, from 120 ns 
to 200 ns. 

But whichever Intel EPROM you 
choose, the benefits are obvious. Using 
One 2-Mbit instead of eight 256K EPROMS, 
for example, results in reduced board 
space, increased system reliability and 
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overall lower sys- 
tem cost. 

Our 1- and 
2-Mbit EPROMs are 
available today in 
whatever quantity 
you need. More 
importantly, our 
1-Mbits are your 
most cost-effective 
solution now, fol- 


lowed by our 2-Mbits in 1990. Or you can 


Available 
in Volume © 


— 1-Mbit 


_ 2-Mbit 


4-Mbit 


Product 


27010 


27010 


- 27c210 
27C210 
27220. 


270240 


design in our 4-Mbit EPROMs today. 


They'll be available in full volume and 


©1989 Intel Corporation 


EDN November 238, 1989 


Organization Pins — 


128K x8 
128K x8 
64K x 16 
64K x 16 


256K x8 


128Kx16 


256Kx16. 


oa 


CERDIP 
CERDIP _ : 


CERAM ic 


CERDIP 


in a full range of 
configurations for 
your next genera- 
tion of products. 
For techni- 
cal and product 
line details call 
(800)548-4725, 
Lit. Dept. #GA18. 
But please call 
soon. Because 


we ve already been iefceheee And now 


were ready for a serious relationship. 


tel 
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No Posix 


compliance 


No symmetric 
multiprocessing 


No commercial-grade 
file system 


No system under 
$700/MIPS 


SUN 


No symmetric 
multiprocessing 
currently available 


Noo system under 
$700/MIPS 


No multivendor 
binary compatibility 


No open I/O 


bus across product line 


DEC 


Noo RISC system 
under $1000/MIPS 


No Mls compatible 
RISC architecture 


No Posix 


compliance 


No desktop 
RISC system 


AViiON and DG/UX are trademarks of Data General. The above comparative product data is based on industry newsletters, 
UNIX is a registered trademark of AT&T. industry analyst information, vendor price lists, vendor advertising 
OSF/Motif is a trademark of the Open Software Foundation. material, and other material available as of September 7, 1989. 

NFS is a trademark of Sun Microsystems. For a listing of information sources, please write Advertising, M.S. 9/S, 
©1989 Data General Corporation. Data General Corporation, 3400 Computer Drive, Westboro, MA 01580. 
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vs. UNIX 


WORKSTATION, COMMERCIAL-GRADE 
SERVER & MULTI-USER FILE SYSTEM 
el = SIGNIFICANT 
SYMMETRIC | 
ST UUBEthGGRING BERKELEY EXTENSIONS 
MOTOROLA 88K MULTI-VENDOR 
RISC CHIP BINARY COMPATIBILITY 
y. (S8OPEN BCS) 
FULL SYSTEM V.3 aarp ccc 
IMPLEMENTATION =k. 2 me , 
Ba eee ! 
wee 
eg 


EMULATION 


Data General’s new AViiON Family. 


Data General’s new AViiON™ Family OSF/Motii™ and more. because DG/UX added value is trans- 
and the DG/UX™ operating system give And we've engineered advanced parent to the application. 
UNIX® users what no "Eunuchs" system commercial-grade features into DG/UX, But don’t take our word for it. Call 
can: more openness, more value-added. such as a highly reliable file system, fully 1-800-DATAGEN today and we'll send you 
Our RISC-based AViiON Family’s symmetric multiprocessing, and process a free copy of “What the Experts say about 
advanced implementation of UNIX scheduling that supports large user Data General’s UNIX-based RISC Family.” 
supports standards like System V.3, POSIX, counts. What’s more, you can take Or write to: 
Berkeley, ANSI C, 880pen BCS, NFS™, advantage of these important features 
TCP/IP, IBM SNA, VME, X-Windows, without modifying your application, % ¥ Data General 


3400 Computer Drive, Westboro, MA 01580 


FOR YOUR FREE “WHAT THE EXPERTS SAY” BOOKLET, CALL 1-800-DATAGEN. 
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Presenting a battery 
that’s not for everyone. 


The DURACELL Zinc Air DA1204 Cell: Only for the high energy designer. 


Our new zinc air battery isn’t for everyone. But if you Wolumeinc, Bred y Senay, OF RARE ele 
need a small battery with high energy, it may be for you. Temperature (°C) 
Since the DA1204 uses the air we breathe as the cathode, gE ee 


it packs more energy for its size than any battery on the ™ 
market. In fact, it gives you C cell size capacity (6.6 ampere 
hours) in less than one-third the size 
Sealed and waiting to be used, the DA1204 has a long 
shelf life — maintaining 98% of capacity after one year of 
storage. But because it is an air-powered battery, the 
DA1204 has a three month life once unsealed. It performs 
at a constant output voltage and is perfectly suited for 
medium drain, continuous-use applications with average 
current requirements up to 150mA. And it’s available in ss 
single or multi-cell configurations. 0 2 40 60 80 100 120 
The DURACELL Zinc Air DA1204 cell isn’t for everyone, Temperature (°F) 
but it may be the high-energy solution you're looking for 
Find out more. Call or write for complete technical infor- 
mation on Duracell’s full line of Zinc Air batteries. 


4 1200 


ran 
Oo 
<e) 
j=) 
oO 


(/YM) Ausuag ABiauz 


@ 


Energy Density (Wh/in3) 


7 


New Products and Technology Division 
“Batteries shown 150% of actual size. OEM Sales and Marketing 

Berkshire Industrial Park 

Bethel, CT 06801 

Toll-free: 1-800-422-9001 ext. 425 
©1989, Duracell, Inc. Fax: 203-791-3273 
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Design Feature 


Algorithm facilitates 
image recognition and 
position control 


The correlation-function algorithm’s sim- 
plicity makes it an oft-used tool for image 
recognition and an effective one for real- 
time image-position control. 


Alexander Brengauz, Consulting Engineer 


Advances in electronic-scanning devices, the advent 
of high-speed A/D converters, and the availability of 
large memories permit recognition analysis of stored 
image data. Consequently, image recognition is playing 
an increasingly important role in many position-control 
applications. An efficient image-recognition algorithm, 
such as the correlation function, can compare a scanned 
image pattern with a pattern stored in memory and 
subsequently control a device based on the scanned 
object’s position. 

An example of a typical image-recognition and posi- 
tion-control application is the position control of an 
imprinted image on a printing press’s moving web. 
Each time the web rotates, a video scanner, which is 
located above the web, generates a waveform based 
on the sequence of imprinted images. Although the 
waveform appears random for a particular image, it 
is deterministic. An image-recognition system, with a 
copy of the deterministic waveform stored in an array, 
can use correlation techniques to identify the image’s 
position. 

Initially, the host must store a replica of the image 
waveform in memory, a process known as learning. 
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During learning, an A/D converter samples the output 
of the scanner as it scans an imprinted image. A host 
uP stores each digitally converted sample in a refer- 
ence array. The wP then calculates the sampled mean 
of the stored samples and subtracts it from each ele- 
ment in the array. The image-recognition system can 
now concatenate the stored elements in the reference 
array to generate a continuous reference pattern. 

Once the learning process is complete, the system 

can then use correlation techniques to locate the posi- 
tion of the imprinted image on the rotating web. In 
one implementation, the system creates a new array 
from the imprinted images on each rotation. A pP 
subtracts the sampled mean from each element in the 
new array before correlating it with the data in the 
reference array. The system can now correlate the 
reference pattern with the data in the new array to 
locate the position of a particular image. The following 
steps illustrate one method you can use for correlation: 

e Store a new-image pattern in a new-image array. 

@ Compute the mean for the new-image pattern. 

@e Normalize the data in the new-image array by 
subtracting the mean from each element in the 
array. 

® Compute one of the correlation coefficients and 
store it in a function array. 

@ Advance (or set back) the address for the refer- 
ence array to compute the next coefficient. 

@ Repeat the last two steps until the algorithm 
computes 2m coefficients. 

The correlation technique offers certain advantages 

over FFT techniques. Generally, correlation algo- 
rithms are simpler; they don’t require the 16-bit preci- 
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TEE ET TTT TTT TT TT ar a cn nacre ee ee re ee 


The correlation function for very similar 
patterns exhibits a positive maximum point, 
which represents the variance between the 
patterns. 


sion mathematics of FFT algorithms. In fact, a correla- 
tion function with two bits of resolution is often suffi- 
cient for statistical analysis. 

The correlation function consists of a number of coef- 
ficients computed as sum-of-products of elements in 
the new and reference arrays. The distance between 
each coefficient is a programmed offset in the address 
word that is used to access the elements in the refer- 
ence array. The offset essentially shifts the elements 
of the reference array relative to the elements in the 
new array before summing the products of the ele- 
ments. The correlator computes a correlation coeffi- 
cient according to the formula 


N 
Cn = > P, * R,, 
n=1 


where C,, is the mth coefficient, N is the total number 
of the elements in the array, P, is the nth element in 
the new array, and R,, is the nth element of the refer- 
ence array shifted by the address offset. 

The correlation function for very similar patterns 
exhibits a positive maximum point, which represents 


Fig I—By accumulating the product terms obtained by multiply- 
ing a shifted reference pattern with the new-image data, you can 
calculate each of the correlation coefficients. In this manner, the 
largest coefficient determines the relative position of the image on a 
printing press’s web. 
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the variance between the patterns. In addition, similar 
patterns generate even correlation functions, which are 
highly symmetrical about the maximum point. The cor- 
relation function for dissimilar patterns is not necessar- 
ily a symmetrical function—a property that can be used 
to measure the degree of pattern resemblance. 

In addition, the shape of the correlation function for 
a particular pattern is usually unique; it depends on 
the pattern’s spectral composition. If you need informa- 
tion on the pattern’s spectral distribution you can per- 
form an FFT on the correlation function. Because most 
of the important spectral information for the correla- 
tion function lies in a narrow region of its waveform, 
it is faster to perform an FFT on the correlation func- 
tion than it is to perform an FFT on the pattern’s time 
waveform. 

Fig 1 depicts the process for calculating the correla- 
tion functions for an image at two different positions 
on a press’s web. An analog representation for two 
image patterns, whose positions differ by E, is shown 
in waveforms B and C, respectively. You compute the 
respective coefficients for each correlation function by 
first shifting the reference pattern and then multiply- 
ing the data in the reference array by the data in the 
new array. Waveforms D through H depict this opera- 
tion. 

The correlator accumulates all of the product terms 
for a particular offset to compute one of the coefficients. 
To calculate the complete correlation function, the data 
in the reference array must be concatenated to extend 
the reference pattern a minimum of +m in either direc- 
tion. The resulting correlation functions for the two 
respective images are shown in waveforms I and J. 

By locating the largest coefficient, you can determine 
the position of the image on the web. For the example 
shown in Fig 1 the peaks of the correlation functions 
differ by E samples, which is proportional to the posi- 
tion difference between the two images on the web. 
Once you locate the largest coefficient, you can deter- 
mine the degree of similarity between the reference 
pattern and the new pattern by comparing the sum of 
the coefficients to the right of the maximum to those 
to the left. When the patterns are very similar, the 
sums compare favorably. 

To illustrate the use of correlation in a position-con- 
trol application, consider a printing-press web with 
an image that repeats every 20 in. If you use N =2048 
samples to represent the image, you realize a position 
resolution of 20/2048~0.01 in. between samples. As- 
suming that there is a 1-in. maximum uncertainty in 
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the image’s position, and that the sampler searches 
this uncertainty range with a 20% overlap, the total 
uncertainty in the image’s position is 1.2 in. on either 
side of its nominal position—a total of 2.4 in. 

Because each computed coefficent in the correlation 
function represents 0.01 in., the function must contain 
(2048/20) x 2.4=245 coefficients to adequately cover 
the uncertainty range. In this example, therefore, the 
value for m in Fig 1 is 122. (Actually, one side requires 
123 coefficients, because the total number of coeffi- 
cients is odd—245. ) 


A dedicated pipeline speeds computation 


A dedicated pipeline correlator should perform the 
coefficient calculations, because the process itself re- 
quires a great deal of computation time and power. 
One of the many architectures for a dedicated correla- 
tor is shown in Fig 2. This pipeline correlator uses an 
overlapped instruction to perform the following opera- 
tions: 

@ Fetch an element from the reference array ad- 
dressed by counter 1 and an element from the 
new array addressed by counter 2 for multiplica- 
tion. 

@ Fetch the contents of the accumulating register 
and the multiplication results for summation in 
the adder. 

@ Save the summation in the accumulating register. 

@ Increment the counters to initiate the next cycle. 

The correlator must complete N instructions to calcu- 
late one of the coefficients when there are N elements 
in the new array. Assuming that the correlator can 
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Fig 2—A dedicated pipeline correlator 
streamlines the tedious computation of the 
coefficients. The correlator uses separate ar- 
rays for the normalized reference pattern 
and subsequent (new) patterns. 


complete an instruction in 60 nsec and that N =2048, 
it requires 60 x 2048 = 122,880 nsec to compute one co- 
efficient. The total computation time for 245 coeffi- 
cients is 122,880 x 245 =30.1 msec. 

However, in many instances a 30-msec computation 
time is too long. The pipeline-correlator architecture 
shown in Fig 3 accelerates the computation time. This 
accelerated method relies on the fact that the mathe- 
matical mean for a stationary process is constant, im- 
plying that the arithmetic average for a particular im- 
age is also constant, whereas the average for different 
images is most likely variable. Because the samples 
for a particular image are assumed to be stationary, 
you ean calculate the mean of the stored reference 
pattern and subtract it from each successive sample 
of the new pattern directly at the A/D converter’s 
output. 

The correlator multiplies the data that results after 
subtraction with each element in the reference array. 
Each multiplication term is destined for storage in a 
file of 2m accumulating registers. Before storage, how- 
ever, the adder adds the accumulated sum in the mth 
register to the mth multiplication term to generate a 
running sum. Thus, the correlator calculates the corre- 
lation coefficients on the fly without the need for a 
new-pattern array. 

To store data in the accumulating-registers file, the 
correlator shown in Fig 3 increments counter 1 to fetch 
the mth element in the reference array for multiplica- 
tion with the difference data and increments counter 
2 to fetch the contents of the mth accumulating register 
and the multiplication results for summation in the 
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a ggg as 


Often, a correlation function with two bits 
of resolution is sufficient for statistical 
analysis. 


adder. It saves the summation in the mth accumulating 
register, and increments counter 1 to initiate the multi- 
plication by the m+ 1th element. 

The correlator must cycle through all of these steps 
245 times between each convert command to the A/D 
converter. Each convert command increments the con- 
vert counter and resets counters 1 and 2. This process 
continues until the A/D converter converts the entire 
2048 samples for the image. Next, the correlator reads 
the 2m coefficients from the register file and resets 
the convert counter to prepare to process the next 
image. 


Accelerated method is a real-time saver 


Because the number of stages in the pipeline for the 
accelerated correlator is the same as that in the new- 
array correlator, it is reasonable to assume that you 
can accomplish an instruction in the same time period— 
60 nsec. Under this assumption, the correlator can cal- 
culate 245 terms in 60 x 245=14,700 nsec. Therefore, 
the accelerated method calculates the entire 245 coeffi- 
cients for the correlation function in 0.0147 msec after 
the correlator converts the 2048th sample for a new 
image—a considerable speed improvement over the 
30.1 msec necessary to calculate the coefficients when 
using a new-pattern array. 

Because the minimum time between consecutive 
samples is 14,700 nsec, and the number of samples is 


ANALOG 
INPUT 


CONVERT 


DIFFERENCE DATA 


REFERENCE DATA 


ADVANCE 


PRODUCT 
7] NUMBER [ 


2048, the total time required to enter all of the data 
for the coefficients is 14,700 x 2048 =30.1 msec—the 
same time it takes using the new-pattern array 
method. Therefore, both techniques require that the 
linear speed of a web with the reference image im- 
printed every 20 in. is less than 20/30.1=0.664 in./sec, 
or approximately 3300 ft/min. 

However, the accelerated method allows you to ter- 
minate the process before using all of the 2048 samples 
to the calculate the coefficients. Because dropping sev- 
eral of the last samples has a small effect on the overall 
computation accuracy, the method allows the web to 
operate at a faster linear speed than it could using the 
new-pattern array approach. 


Author’s biography 

Alexander Brengauz is a consulting engineer. Prior to con- 
sulting, he was employed by Quad/Tech in Pewaukee, WI. 
He holds an MSCS from the Institute of Electronics and 
Automation in Moscow, USSR, and an MSEE from the 
Institute of Mechanization in the USSR. He holds two pat- 
ents, one from the United States and one from Europe. In 
his spare time he enjoys skiing and sailing. 


Article Interest Quotient (Circle One) 
High 497 Medium 498 Low 499 


PREVIOUS SUM NUMBER m 


| + FILEOF 


| ACCUMULATING 
| REGISTERS 


WRITE 


Fig 3—An accelerated correlator, based on the stationarity of the samples, subtracts the mean from the samples at the A/D converter 
output. The correlator calculates running sums for the coefficients and accwmulates the sums in a file of registers. 
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Type TN Lab Grace E> Type TK Low TC Precision Type MK Precision Power 
Low TC Precision Resistors Radial-Lead Film Resistors Radial-Lead Film Resistors 


Actual Size Actual Size 


Actual Size 


1K to 1 Meg, Tolerance to +0.01% 0.50 Watt (CK05), 0.75 Watt (CK06) 


Low TC to 5 ppm/°C, 0°C to 70°C_~— -_: Non-Inductive Design - Non-Inductive Design 

+ Non-Inductive Design » Resistance Range 1 Kohmto 10 Meg ° Resistance Range 1 Q to 100 Meg 

|. Tolerance of +0.01%, +0.025%, 40.05%, * TC of 5,10 or 20 ppm/°C, -55 to 125°C + TC as low as SOppm/°C, -15°C to 105°C 
| +0.1%, +0.25%, +0.50% or +1% ¢ Tolerance of +1% (available 16 +0.05%)° * Tolerance of +1% (available to +0.1%) 


/ * LowTC of 5,10 or 20ppm/°C, 0 to 70°C * Space Efficient Radial-Lead Design - Space Efficient Radial-Lead Design 


| ¢ Space Efficient Radial-Lead Design For Type TK data, circle number 114 For Type MK data, circle number 115 
_ For Type TN data, circle number 113 


j 
| 
| 

| 


tra Precision Resistor 


precision and Ul ord for solving proble 


: ec 
with a 25 year t Custom Precision and 


Type 1776 Precision Ultra-Precision SIP Networks 
Type T912 and Type T914 Decade Voltage Dividers 
Precision Resistor Networks 


CADDOCK 


T912 Schematic T1914 Schematic sims ee Hatlo Tolerance loner 
—1:1,9:10r 10:14 equal value resistors | Voltage Division 10:1 to 10,000:1 ~ peek ee 0.5 ohm to 50 Meg 
: é : ° ° ° ° s. Tolerance from +0.025% to +1% 
Ultra Precise Ratios to 0.01% Ratio Tolerance 0.02%, 0.05%, 0.1%, nae Rolonines harn Oe ieee 
* 14 Standard Resistance Values from 0.25% or 0.9% fae el i 
- Ratio TC of 5, 10, 25 or 50 ppm/°C > Abs. TC of 15 ppm, 25 ppm, 50 ppm 
1 Kohm to 1 Meg (Custom to 2 Meg) Tied. 80 1G. ¢ 0°C to 70°C 
* Ratio Tolerance from 0.01% to 0.1% from 0°C to 70°C cpeldish sila Oe ceappens - 
- Ratio TC of 2,50r10ppm/°C, Oto 70°C * Select from 39 Different Models > Ratio TC of 5 ppm, 10 ppm, 25 ppm 
¢ Custom ratios available, 1:1 to 250:1 - Voltage Rating to 1,200 Volts or 50 ppm/°C, from 0°C to 70°C 
For Type T912/T914 data, circle 116 For Type 1776 data, circle number117 For Custom data, circle number 118 
, These products are manufactured with Caddock's exclusive Micronox® or 
More high Tetrinox© Resistance Film Technologies. For your copy of the Caddock 
General Catalog call or write: 
performance Applications Engineering 
resistor products Caddock Electronics, Inc. 


1717 Chicago Avenue 
from oe Riverside, California 92507 


The Caddock General Catalog includes specifications on over 200 models of 


ELECTRONICS, INCORPORATED high performance resistor products. 


© 1989 Caddock Electronics, Inc. L124.109 
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HOW A STRATEGIC 
PARTNERSHIP WORKED 
A SMALL WONDER: 


SPARCstation I 
AND LSI LOGIC. 


Think of it as a solar system, in silicon. 

In fact, it's the CPU board for SPARC- 
station 1. Created in under 240 days, 
through a unique partnership between 
LSI Logic and Sun Microsystems. 

This totally integrated, RISC-based 
system, consisting of an L64801 SPARC 
microprocessor and 7 ASICs from LSI 
Logic, packs the power of SPARCstation 1 
into an 8.5” x 11” single board system. 

We helped make it all possible by 
providing Sun. with our microprocessor 
tools and technologies. And our unique 
ASIC design methodology enabled Sun 
to simulate the entire system in software. 
Before committing to silicon. 

RISC and ASIC, together. A powerful 
new concept that can help you scare the 
daylights out of your competition. 
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We've got them all — singles, 
duals, quads; micropower, 
high-speed, low noise, and 
instrumentation versions, 
too. If you need a cost- 
effective solution to your 


Dollar 


amplifier requirements, call 
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Fine-tuning 


uP/uC code 
Part 2 


Resonant converters 
team control theory 
and circuit design 


Part II of this 2-part article on resonant-mode power- 
supply design techniques outlines the control-loop, out- 
put-filter, and transformer designs. By choosing com- 
ponents and safety margins so that your design satis- 
fies all the requirements of zero-current or zero-voltage 
switching, and by paying attention to fault-control and 
start-up considerations, you can attain the benefits of 
the resonant-mode technique. 


Frederick E Sykes, Gennum Corp 


Although the block diagrams of quasiresonant-mode 
power supplies and the more familiar PWM power sup- 
plies are quite similar, both major and minor circuit 
differences exist that you must consider when design- 
ing the control loop and other support circuits. The 
control loop is a critical component of any power-supply 
design and greatly affects the supply’s final specifica- 
tions. These specifications include the load regulation, 
line regulation, load transient response, and stability 
of the output under all load and line conditions. 

As with any design, you should quantify your reso- 
nant-mode supply’s specification goals before you begin 
its design. To illustrate a detailed resonant-mode de- 
sign, Fig 1, a very popular quasiresonant converter 
topology, shows a more detailed schematic of the off- 
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line power supply used as an example in Part I. The 
target specifications of this half-bridge-configured sup- 
ply are 

® nominal input voltage: 110V ac 
output voltage: 5V at 25A 
minimum output current: 0.9A 
efficiency: approximately 80% 
maximum output ripple: 100 mV p-p 
line regulation: better than +0.5% for inputs be- 
tween 95 and 182V ac 

@ transient response: output settles to within +5% 

in 500 psec for a 50 to 100% step load. 

In addition to these specifications, you also must 
choose the desired switching-frequency range. The fun- 
damental requirement of quasiresonant converter de- 
signs—zero-current or zero-voltage switching—is that 
the switching frequency be lower than the resonant- 
tank frequency. This timing relationship ensures that 
a dead time will exist between cycles. The practical 
frequency limit of zero-current-switching resonant con- 
verters is approximately 1 MHz. At higher frequencies, 
you may have problems with the ferrite material cur- 
rently available for resonant-mode designs. In the pre- 
sent example, the design goal for the resonant tank’s 
frequency is 750 kHz. | 

To determine the maximum allowable switching fre- 
quency, you must establish timing relationships be- 
tween the resonant and switching frequencies at both 
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sc 


To ensure lossless switching, the resonant 
frequency must be at least 20% higher than 
the switching frequency. 


nominal and worst-case conditions. Under no-load con- 
ditions, the resonant tank’s current and voltage wave- 
forms look like Fig 2a; note that I,p’s waveform is 
centered around zero. Under maximum-load condi- 
tions, the waveform looks like Fig 2b; note that here 
ILp barely goes negative. 

To guarantee zero-current switching under all line 
and load conditions, the current must reverse direc- 
tion—go negative—for some period of time. Remember 
that the term “zero current” doesn’t imply “zero cross- 
over” switching. As long as the resonant inductor’s 
current is negative, the switch carries “zero current” 
because the negative current flows through D, and D,. 
You should design for a negative-current time that’s 
equal to 25% of the full cycle under nominal conditions. 
You'll want the FET’s drive pulse to turn off at the 
midpoint of this negative-current cycle, or at 87% of 
the resonant cycle’s period. Thus, the desired on time 
for the switches in this design is 1160 nsec. Fig 3 


CIRCUIT 


summarizes these timing relationships. 

Unfortunately, tolerance variations in the resonant 
inductor and capacitor will always exist. The errors 
in inductor and capacitor values affect the tank’s char- 
acteristic frequency in addition to the energy in the 
tank. If these variations shift the resonant frequency 
by too much, another resonant cycle may begin before 
the previous one has ended. If overlap occurs, the 
circuit operates in the continuous-resonance mode, and 
this mode’s nonzero-current switching entails higher 
switching losses. 

To ensure that the gate’s drive pulse can’t start an- 
other cycle unless the previous one is complete, add a 
20% difference between the resonant frequency and 
the switching frequency. With this added margin, the 
controller’s switching period will equal the resonant 
period plus 20%, or 1600 nsec. Thus, the controller’s 
commutation frequency is approximately 600 kHz. In- 
cluding a certain amount of dead time in your design 


0.047 pF 


0.022 pF 20k 


Fig I—Switches Q, and Q: in this 5V, resonant-mode power supply alternately apply half of the rectified voltage to the resonant tank, Lr 
and Cr. The ultrafast recovery diodes, D; and D,, conduct the reverse current. 
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also ensures that the resonant capacitor is completely 
discharged at the beginning of each cycle. 

Once you know all your target specifications, you 
can choose specific component values for the circuit 
blocks of your quasiresonant-mode supply. Fig 4’s 
block diagram is representative of all off-line supplies. 
One main difference between quasiresonant-mode de- 
signs and more common PWM designs is the type of 
control. Most resonant-mode controllers implement a 
voltage-to-frequency conversion as opposed to the volt- 
age-to-duty cycle conversion of PWM controllers. 


Output filter is central to performance 


One of the central elements of Fig 4’s block diagram 
is the output filter because it largely determines the 
power supply’s frequency and ripple characteristics. 
In general, if the output filter’s cutoff frequency is 
lower than the switching frequency, no high-frequency 
signals will corrupt the supply’s output. As required 
in PWM designs, you must design the output filter so 
that the supply meets its output-ripple specification. 
In PWM supplies, the choke’s ripple current is triangu- 


Fig 2—At low load current, the charge remaining on the resonant 
capacitor is small, but the capacitor’s discharge time is long (a). 
At high load current, the remaining charge is large (almost one-half the 
line voltage), but the high load discharges the capacitor rapidly to allow 


high-frequency operation (6). 
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lar, whereas in resonant converters the output current 
is sinusoidal because of the sinusoidal voltage on the 
secondary. The resonant converter’s transformer sec- 


ondary voltage is 


where Vggc is the peak de voltage on the secondary, 
and Tp is the resonant period. The output inductor’s 


voltage, therefore, is 


Vorc (1 = COS 27 t/TR) a (Vourt VF) 


during the resonant period. V; equals the forward volt- 
age drop of the output diodes, D; and Ds. When high 
currents flow through these diodes, V; can be as high 
as 1V. , 

The worst-case ripple of resonant-mode designs oc- 
curs under the same conditions as in PWM designs but 
for slightly different reasons. The worst case for PWM 
designs is high-line and maximum-load conditions, be- 
cause the duty cycle is low, and the output capacitor 


Fig 3—To ensure zero-current switching under all conditions in- 
cluding worst case (maximum load with low line input), this design 
includes a 25% dead time (440 nsec) and at least 333 nsec of reverse- 


current time. 
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One of the central elements of a resonant- 


mode design 1s the output filter, because tt 
largely determines a supply’s output-ripple 
characteristics. 


is discharging at its maximum rate. For resonant-mode 

designs, the worst-case ripple is also at high line and 

maximum load, because the switching frequency is low, 

and the rate of capacitor discharge is at a maximum. 
The output-inductor current is approximately 


w= | 7 [Verc— Vere COS 27 t/Tp ri 
(Vourt Vy) ] Dt 


When you integrate equation 4 over the entire resonant 
period, the result is 


4 
[Lpsak= 7. [Vsec—(Vourt Vp) ] 


ILpgax 1s the peak ac current in the inductor. The 
de current equals the output-load current. The turns 
ratio and the maximum input line voltage determine 
the value of the peak secondary voltage, Vogc, as fol- 
lows: 


V ee V2 Vine 
se° TURNS RATIO 


For this design example, the high line is 132V rms, 
and the turns ratio is 12:1. Thus, the peak voltage on 
the transformer secondary is 16V. Choose the output 
inductor’s value so that the inductor just barely con- 
ducts at the minimum load of the power supply. A rule 


POWER STAGE 
WITH RESONANT 
TANK 


RESONANT- 
MODE 


Fig 4—A resonant-mode power supply’s 
control loop contains the same functional 
blocks as do PWM supplies with one excep- 
tion: a voltage-to-frequency converter re- 
places PWM’s voltage-to-pulse-width con- 
verter. 


CONTROLLER, 
VOLTAGE-TO- 
FREQUENCY 
CONVERTER 
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of thumb is that ILpgax should equal at least 2  Iouron. 
For this design, therefore, [Lpga,x=1.8A. Using the 
above equation for ILpgax, you can solve for the mini- 
mum value of L. For this particular design, V = 16V, 
Vour=9V, Vep=0.7V, and Tp=13830 nsec. Thus, the 
minimum L is 7.5 pH. 

You can use several approaches to find the minimum 
value of the output capacitor. One approach is to take 
the integral of the positive half cycle of the capacitor 
current to find the maximum charge—hence the maxi- 
mum ripple—on the capacitor. This approach yields a 
vastly underestimated value for Coy, because it ne- 
glects the capacitor’s equivalent series resistance. In 
most designs, the equivalent series resistance is the 
dominant factor that affects the capacitor’s value. The 
effects of this resistance usually cause the required C 
to be approximately 10 times greater than the value 
you'd get using the integral approach. The maximum 
allowable equivalent series resistance is Vprpprp/ 
ILpgax, Which is 100 mV/1.8A or 55 m0 for this design. 
To meet this requirement, the design requires four 
220-uwF', military-grade, low-equivalent-series-resis- 
tance capacitors connected in parallel, which reduces 
their combined equivalent series resistance. 

Another important block in Fig 4 is the error ampli- 
fier. Resonant-mode designs commonly use voltage 
feedback rather than current feedback. The conven- 
tional current-mode control used in PWM supplies isn’t 
applicable to resonant mode (Ref 2), because it depends 
on the existence of a current ramp through the trans- 
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The control loop of resonant designs uses 
voltage feedback rather than current feed- 
back because the latter requires square-wave 
transformer signals. 


former. This current ramp occurs only if you apply a 
square-wave voltage to the transformer. 

The feedback amplifier generates an error signal by 
resistively dividing the output and comparing the di- 
vider’s output to a reference. This error amplifier, 
which uses the TL431CLP shunt regulator, also pro- 
vides loop compensation. The transfer function of the 
amplification stage is 


Vout (Ss) St 1/R,C, 
Vin (S) “ ( C3 + =I 
sR,C3| s+ RCC, 


_C, is responsible for the first pole at 0 Hz, and it acts 
as an integrator to provide high de gain for good de 
regulation. The second pole is located at 


ao R,C,C, Hz 


and a zero is present at 


1 


21 k,G, Hz 


To avoid de coupling, the output of the error ampli- 
fier drives an optocoupler that provides the necessary 
isolation between the transformer’s primary and secon- 
dary sides. As with PWM designs, you can select the 
error-amplifier components and optocoupler gain to 
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achieve the desired crossover point in the closed-loop 
response. The closed-loop crossover frequency for the 
overall control loop is 10 kHz; the phase margin varies 
between 47 and 94°, depending on line and load condi- 
tions. 

As Fig 4 shows, the optocoupler’s output signal is 
the control voltage for the internal VCO of the resonant 
controller (GP605). The optocoupler and the controller 
each feature high gain, so they control the overall loop 
gain. The control IC’s VCO generates a square wave 
at the operating frequency determined by the input 
signal. The controller divides the VCO signal into com- 
plementary phases (Fig 5). Then, the IC’s internal 
monostable starts a fixed, on-time pulse at each edge 
of the main VCO square wave. The complementary 
Square waves alternately gate this pulse to output A 
and output B. The controller accepts a voltage input 
and outputs a frequency. Thus, its gain is measured 
in Hz/V. The gain of the GP605 is linear between the 
minimum and maximum VCO frequencies. At the 
VCO’s end points the frequency is clamped, and the 
gain drops to zero. 

A restriction unique to resonant-mode designs be- 
cause of the required zero-current switching is that 
the on time of the FET switch must be fixed. In zero- 
voltage switching, the off time is fixed. Most resonant- 
mode designs don’t require this pulse width to be pre- 
cise. For zero-current switching to occur, the controller 
can turn off the FET at any time during the negative- 
current cycle. 
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NOTE: Csortstant. Cosc: Rosc, Con AND Ron ARE EXTERNAL TO THE 
GP605 (GENNUM CORP) RESONANT-MODE CONTROLLER. 


Fig 5—The resonant-mode controller IC (the GP605 from Gennum Corp) responds to voltage inputs and delivers a fixed-width pulse. The 
supply’s output regulation occurs as the chip varies the frequency of this pulse based on the voltage feedback. 
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The components of the resonant tank simul- 
taneously must provide enough energy to the 
output tank and limit the current through 
the FET switches. 


Because the control IC’s output pulses are fixed, the 
controller can’t react to variations in line or load once 
the pulse is triggered. Instead, the controller compen- 
sates for changes in output conditions by varying the 
start of the next pulse. This characteristic adds inher- 
ent phase delay to the feedback loop. The added phase 
shift equals 360° at the switching frequency. The 
switching frequency is always much higher than the 
loop bandwidth, so you can safely ignore the effect of 
this additional phase shift. 

The GP605 controller generates high-current output 
pulses with a peak-current capability of about 800 mA 
using a totem-pole design. Usually this output current 
isn’t enough to drive power MOSFETs directly unless 
the application requires less than 50W of power or a 
low input voltage. The current drive requirements of 
the FETs are very large because of the Miller multipli- 
cation of their gate-to-drain capacitances. As Fig 1 
~shows, you can solve this problem by adding a pre- 
driver between the controller outputs and the power- 
FET inputs. 


Resonant-tank design requires a balancing act 


When you design the resonant tank—that is, when 
you choose the resonant inductor and capacitor val- 
ues—you must fulfill two opposing requirements. 
_ First, enough energy must cycle in the tank to let the 
supply meet the load’s energy demands. Second, your 
design must minimize the peak-current stress of the 
FET switches. The worst case for simultaneously ful- 
filling both of these requirements exists under low-line 
and full-load conditions. The energy stored in the tank 
equals 


2 
Cr Vbrak 


Z 


where Vpgax 1s the peak voltage across the tank capaci- 
tor. 
At the maximum frequency, the power in the tank is 


P mn CrV beak max : 
TANK 9 


Losses occur during energy transfer from the tank 
to the output; Poyp=Pranx Xn, where ny is the effi- 
ciency. For this design, the absolute minimum input 
voltage—the input at which the tank is barely supply- 
ing power to the load—is 78V rms. Because of the 
voltage doubler on the input, the de voltage applied 
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across the entire tank is 2x V2 x78, or 220V. By using 
Vor AK— 220V, Pour = 125W, efficiency se 80%, and. 
Fyax =600 kHz, you can solve the above equation to 
find Cp=10 nF. You can then use the following equa- 
tion to choose Leg so that the resonant frequency is 750 
kHz: 


1 
Gee eS 
: Cr4r° Fe 


For this example, Lp equals 4.5 wH. 

The resonant transformer is different from a PWM 
transformer in that the applied voltage is a haversine 
wave and not a square wave. A haversine wave is a 
sine wave dc shifted so that its positive peak is at 2V, 
and its negative peak is at OV (Ref 4). When calculating 
the turns ratio, account for this difference by using the 
average voltage of the haversine wave. The fact that 
the applied voltage is sinusoidal also affects the maxi- 
mum operating flux density. The flux density in the 
transfomer equals 


10° TR 
Byax=Va [, Vorr Dt GAUSS 


where Vpg;, the primary voltage, equals V(1-cos2nt/ 
TR); Tp is the resonant period; N is the number of turns 
on the primary; A, is the transformer core area in 
square centimeters; and V is the maximum voltage 
applied across the resonant tank, or V2 X Viwe. When 
you evaluate it over one complete cycle, this equation 
simplifies to 


8 
Busx=—aa GAUSS. 


Use this equation to calculate the core losses for 
your transformer design, and then check with the core 
manufacturer to ensure that the core losses are reason- 
able. Note that in this half-bridge example, the fre- 
quency applied to the core is approximately 300 kHz. 

As long as the core isn’t saturated, the high-fre- 
quency core losses result from hysteresis, residual, and 
eddy-current losses. Hysteresis losses are proportional 
to the maximum flux density times the frequency. 
Therefore, to increase the operating frequency from 
10 kHz to 1 MHz, you’d have to divide the flux density 
by 100. Eddy currents are proportional to the square 
of the frequency, and thus at high frequencies, these 
currents cause a dramatic increase in losses. You can 
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For predictable operation at start-up and 
under fault conditions, make sure your sup- 
ply has controllable open-loop characteristics. 


minimize losses by maximizing the ac core resistance, 
but this task usually requires special materials. The 
H7F material recently introduced by TDK is an effi- 
cient, high-frequency core material. 

When designing the windings of a high-frequency 
transformer, you also must consider the skin effect. 
Normally, you'll want the secondary to have only a 
single turn. To minimize the skin effect, use copper 
foil for the secondary winding; either bifilar windings 
or copper foil is acceptable for the primary winding. 
Flat winding material is easier to work with if you 
etch the winding on a pc board, and then insert it onto 
the center leg of an E-core. This technique maximizes 
the utilization of copper, because the pc board’s copper 
thickness is usually about twice the skin depth. This 
technique also minimizes fringing effects and leakage 
inductance because the windings are much wider than 
they are thick, and the thin profile allows very close 
coupling between the windings. Sandwiching the pri- 
mary around the secondary also minimizes the leakage 
and improves the coupling. 


Start-up and shutdown require open-loop stability 


Although most of the circuit elements that corre- 
spond to Fig 4’s block diagram fulfill the control loop’s 
closed-loop requirements, the open-loop stability of a 
power supply is also very important. Open-loop charac- 
teristics are especially critical when, for whatever rea- 
son, the feedback-voltage signal representing the error 
voltage lies outside the small-signal input range of the 
controller. The open-loop situation occurs at start-up 
and under fault conditions. Under these circumstances, 
a limit on the maximum frequency of the switch’s drive 
waveforms is necessary. As long as the pulse width is 
still fixed, and you have control over the frequency, 
the operation of the supply will be predictable. 

At start-up, the error amplifier drives the control 
IC to output its maximum frequency to deliver maxi- 
mum power to the load, even if the load is close to its 
minimum. This power demand can put severe and un- 
necessary stress on the resonant tank, output trans- 
former, and output filter. Also, the high-energy deliv- 
ery will cause the output voltage to overshoot, which 
may cause oscillation. To eliminate these start-up prob- 
lems, a soft-start feature is necessary. A soft-start cir- 
cuit ensures that the control frequency always starts 
at the minimum frequency and ramps up slowly to the 
stable operating frequency, independent of the load. 
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The GP605 controller performs this feature automati- 
cally on each start-up. Once the controller reaches its 
operating point, the soft-start circuit no longer limits 
the rate of change of the controller’s output frequency. 

A good soft-start-duration range is 30 to 48 msec. 
This amount of time gives the input capacitors, C, and 
Cz, several cycles to charge up before they must with- 
stand the load’s demands. High-power supplies—those 
with outputs greater than 500W—require a longer ca- 
pacitor-charging time. In these cases, you may need 
soft-start times of 100 to 200 msec. 

Protection under fault conditions is an area you must 
never neglect when designing a power-supply circuit. 
The basic conditions you must protect against are over- 
voltage, undervoltage, overload shutdowns, and the 
“hiccup” and soft-start delays. In addition, resonant- 
mode designs have a unique restriction not present in 
PWM designs: if a fault occurs during the on time of 
the FET when high sinusoidal currents are flowing, 
the FET must be able to complete its pulse to turn off 
at a zero-current point. The resonant switch can handle 
zero-current switching, but it probably can’t handle 
the high power dissipation associated with a repetitive 
high-current turnoff. In the present example, the con- 
troller has a synchronous shutdown feature to prevent 
this problem. Once started, the drive pulse always 
completes a full cycle. 

The combined voltage ratings of the FETs, diodes, 
and capacitors determine the overvoltage level. In Fig 
l’s half-bridge circuit, the component stresses are 
never far above the maximum line voltage. In other 
single-ended, resonant topologies—such as the forward 
converter—the voltage can be as high as twice the line 
voltage. An appropriate overvoltage level provides the 
devices with a safety margin of 40 to 60V just before 
the overvoltage shutdown activates. 

Set the undervoltage limit to ensure that enough 
voltage on the resonant transformer’s secondary exists 
to regulate the output under minimum line conditions. 
Because an undervoltage or overvoltage condition 
shuts down the supply, restarting the supply requires 
a soft start. The controller also performs this function. 

To avoid damage to the supply, your design must 
also handle output overloads caused by short circuits. 
To accomplish this task, resonant-mode and PWM sup- 
plies use the same technique: a current-sense trans- 
former senses the current flowing through both the 
power transformer and the switch. The sense winding 
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We created todays standard 


And we're still in the lead. 


Ericsson Components is a leading manufacturer of 
Stepper Motor Driver [Cs; for disk drives, 

printers, industrial instrumentation and 

robotics. 

We were the first to develop the chopper type 
stepper driver IC — now there's a whole multi-source 
industry, with Ericsson still in the lead. 

Our latest designs are based on what you, the 
customer, wants — cost-effectiveness, low power 
dissipation and long-term reliability. 

And they are all available in a power-capable 
PLCC package for dense, surface-mounted 


applications. 
Contact us for more information. 


We’re in the lead 
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Ericsson Stepper Motor IC Family. 


* PBL 3717. The original chopper- | 
driver IC with 800mA max. output. | 

* PBL 3717/2. Improved version. with | 
1000mA continuous output, plus 
half- and micro-stepping capability. 

* PBL 3770A. New world-leader, drives 
all kinds of stepper motors, with | 
1500mA continuous, 1800mA peak output. | 

* PBL 3771 Dual Driver + PBM 3960 Dual | 
D/A Converter. The industry-standard | 


micro-stepping IC set. 


ERICSSON & 


Ericsson Components AB 

S-164 81 Kista—Stockholm, Sweden 

Telephone +46 8 757 5000 | 
Telefax +46 8 752 6034 rei 
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Introducing the 
Great Boardware 
Protection Co. 
you may already 
know as the ee 


Great Software 7 Smabknmo. 


the Peer-4000 SCSI 
Test System board for 
Peer Protocols, Inc. 


Protection Co. 


t didn’t take long for people to start calling us 
The Great Software Protection Company. And 
we don’t think it will take very much time for 
some more people to start calling us The Great 
Boardware Protection Co. 
That’s because of our new security device for 
printed circuit boards—the SentinelChip.™ It’s the 
perfect finishing touch for your nothing-like-it, finally- 
on-the-market PCB that stops anyone from copying 
your one-of-a-kind electronic design or firmware. 
The SentinelChip from Rainbow Technologies is a 
custom-designed, board-mounted ASIC security 
device that’s built from the heart of our proven, best- 
selling, virtually unbreak- 
able SentinelPro™ 
software protection key. 

_ Without the “correct” 
dialog between your 


_ board’s firmware and the 


design can’t be copied. It’s 
The “never-say-copy’’ S¢ 
_ Boardware Prote 
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included in resonant converters (T, in Fig 1) allows 
time for a converter to react to an overload before any 
damage occurs. The resonant tank itself is beneficial 
during overload situations, because it limits the rate 
of change of current through the transformer. 

This 5V power supply is a basic implementation of 
resonant-mode design techniques, but it’s only one of 
many design possibilities. Research continues in many 
diverse areas, including not only zero-current-switched 
topologies, but zero-voltage-switched topologies and a 
special set of third-generation topologies called “multi- 
resonant.” CAD has been a particularly valuable re- 
search tool. The simulation ability of CAD systems 
gives designers valuable tools with which they can com- 
pare different topologies and optimize designs. 
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YAMAHA LSI. 


Leading the Way in CD Storage Technology. 


From CD to CD-Interactive, Controllers For CDs, single-chip signal 

. = = d trollers f ioheral 
CD-ROM, Laser Video Disk, ) is snsiia space wi pokes be OS 
Optical Storage and DAT 


CD-ROM, a selection of data controllers, ADPCM 
decoders and master peripheral controllers provide 
The advanced chip technology that has made 
Yamaha a leader in CD and CD-Interactive players 


the circuitry needed. 
is now available for use in a far-reaching range of 
new storage applications for text, graphics, music, 
video and data. 


Digital Audio Interface Transmitters 


and Receivers Signal processing 
transmitters output digital audio signals 
read from a compact or optical disk. 
Signals transferred between audio 
equipment in digital audio interface format 
are processed by receivers for playback. 
Of course, our transmitters and receivers 
conform to the EAluJ and AES/EBU standards. 


Our digital audio LSI line 
provides a single source 
for key processors for CD 
and Laser Video players, 
CD-Interactive and 
CD-ROM storage and 
Digital Audio Tape (DAT) 
players. 


DSP Filters A selection of high performance, two channel, four 
and eight times oversampling filters meet the needs of many 
applications. Additional DSP chips for digital equalization and 

pitch changes provide flexible solutions. 


Digital Attenuation When the dynamic range of digital 
audio must be compressed for a more limited-range analog 
output system, our compressor (with a volume processing 
option) automatically responds to the input level to compress 
the digital audio signal. 


Digital to Analog Converters Our two channel, 16 and 18 
bit floating point and linear D/A converters provide 
high quality audio output. 


Surround Processor Quality digital surround capabilities, 
with three preset modes and built-in filters, can be implemented 
without additional analog devices or microprocessors. 


Take the lead in CD storage technology with Yamaha LSI. 

Call 1-800-543-7457. Yamaha LSI, Systems Technology Division, 
981 Ridder Park Drive, San Jose, CA 95131 (408) 433-5260 
FAX (408) 433-5230. 
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TEK’S NEW PRISM 3000 
FAMILY BREAKS THE LOGIC 
ANALYSIS BARRIER. 


The new Prism 3000 sii ieelelaiiaaian You can view 200 MHz 
Series is nothing less —_—MiOnu °° timing and 8K of state data 
than a breakthrough in pte te en per channel, all time- 

the evolution of logic ao +e correlated and integrated 
analysis: once you see a ee on the same display. 

what it can do, you = 
may scarcely imagine  Jiecivs data from multiple 
doing without it. ee microprocessors or time- 


bases simultaneously. Set up 


Tote! Time: 4.694969 s 


N ow digital designers tertzentel Sete: Om 
and integrators can start = (Above, left) Real- 

s . nPxiz e80ie PROTOTYPE OEBU Toot cneb = Sere!) mmm time performance 
with all the speed, chan- a analysis as displayed 
nels and memory depth eS on the Prism color 
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Can mix-and-match tools for their se fernarre 5 Sechrest Redecdct Sap Secarone provides easy access 


specific needs, including 8, 16 and 0 as Sua to microprocessor 


32-bit microprocessor debug mod- Set oe tig ee 2 Sit agement 
functions, including 


ules brimming with features never Maing Eeti Rear St i the ability to set hard- 
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before possible in a logic analyzer. ) ER OREER ag Seale) SER ware and software 
They can add other modules, such ae ee tee (Ceponts, and to 

: L E78 SBeBiE asus ie : patch registers and 
as for high-speed timing and wave- 


SPECS UMING ANO WAVC- AER memory. 
form analysis, later. 


The new dimension of 
hardware/software integration. 


Microprocessor control 


Real-time performance analysis 
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Performance And 
Software - A Solid 


Foundation. 


When you’re making an 
architecture decision, you 
want proven materials and 
design concepts that make 
sense. You want dedicated 
support and a path for in- 
creasing your throughput. 
Our 80C286 provides the 
solid foundation and extra 
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performance you need. 

For example, our 
80C286 executes 8086 
and 80286 16-bit code — 
representing the industry’s 
largest base of installed 
software — at the 
industry-leading speed of 
29MHz. You get industry- 
standard software with 
industry-leading 
throughput. 

There’s another key to 


processor selection: a 
growth path for the future. 
The 80€286 offers a wide 
performance range — 
from 12.5MHz to 16MHz 
through 20MHz and on to 
29 MHz — so you can 
migrate simply and 
smoothly when you need 
higher throughput. 

Speed isn’t the only 


issue, however. System re- 


quirements are becoming 


more and more complex 
with the need for multiple 
tasks and increased securi- 
ty. The 80C286 with its 
protected mode operation 
and multi-tasking capabili- 
ty keeps application soft- 
ware and data organized 
and secure. 

Another measure of 
performance is durability 
— running faster longer. 


The 80C286’s low power 


design assures that. No 
overheating. No reduced 
ambient temperature 
specification. No fans or 
heat sinks. Just reliable 
high-performance opera- 
tion with low power 
dissipation — ideal for 
portable instrumentation 
or sealed enclosures for 
harsh environment 
applications. 

Build your foundation 


for the future around 
proven architecture with 
existing software support 
and a path to performance 
upgrades. Call for our 
technical information 
outlining all the 80C286’s 
advantages. For peak per- 


formance, move up to the 
fastest 80286 yet — the 
Harris 80C286. 

Call (32) 2-246-2330 
or contact Harris 
Semiconductor, Mercure 
Centre, Rue de la Fusee 


100, 1130 Brussels, 


What your vision of the 
future demands. Today. 


S £01 C0-0 BU CF. OR 
HARRIS - RCA - GE 


INTERSIL 
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We've got the guts 
_yougs te oe 


Clearly superior. 


DTK is a registered trademark and Bare Bone is a trademark of Datatech Enterprises Co., Ltd. Intel 386 
is a trademark of Intel Corporation. AT, XT and Micro Channel are trademarks of IBM Corporation. 
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NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


VMEbus And Multibus II 
Wire-Wrap Boards 


@ Have surface-mount ceramic ca- 
pacitors to reduce noise 
® Boards with pin-grid-array areas 
have 6-contact IC sockets 
A family of VME and Multibus II 
wire-wrap boards is available for 
one-of-a-kind and_limited-produc- 
tion applications. The multilayer 
boards use surface-mount ceramic 
capacitors, which suppress switch- 
ing noise, and axial-lead tantalum 
capacitors, which reduce low-fre- 
quency electrical noise. The ICs 
mount over the capacitors with no 
placement interference. Boards 
with pin-grid-array areas feature 6- 
contact IC sockets for easy inser- 
tion and reliability. All boards have 
double-width front panels and 
Seanbe E-Z-Ject ejectors. $609. 
Electronic Solutions, 6790 Flan- 
ders Dr, San Diego, CA 92121. 
Phone (800) 854-7086; in CA, (800) 
772-7086. TWX 910-335-1169. 
Circle No. 366 


Trackball For IBM 
PS/2 Computers 


@ Plugs directly into the PS/2 
mouse port 
@ Has two direction input buttons 
and a cursor drag-lock button 
The PS/2 trackball for IBM PS/2 
computers is a member of the ven- 
dor’s family of PC-Trac pointing de- 
vices. The unit is hardware compat- 
ible with the IBM PS/2 mouse and 
plugs directly into the mouse port. 
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Its three buttons consist of two that 
control the X and Y directions and 
a third that acts as a cursor drag 
lock. A multiaxis-pointer driver, 
which comes with the trackball, 
continuously monitors the rate at 
which the pointing device is moving 
and provides a ballistic-gain re- 
sponse between 50 and 2000 pulses/ 
in., depending on the device’s veloc- 
ity. The company provides a list of 
40 popular pointing devices that are 
compatible with its driver. In addi- 
tion, the software package comes 
with a device driver for Microsoft 
Windows, Windows 286, and Win- 
dows 386, and with a keyboard 
emulator for defining pointing-de- 
vice interfaces. $119. 

MicroSpeed Inc, 44000 Old 
Warm Springs Blvd, Fremont, CA 
94538. Phone (800) 232-7888; in CA, 
(415) 490-1403. Circle No. 367 


88100-Based/Workstation 


@ Includes a color monitor and a 
156M-byte hard-disk drive 
@ Has 8M bytes of RAM that’s ex- 
pandable to 32M bytes 

Based on Motorola’s 88100 RISC 
(reduced-instruction-set computer) 
wP, the XD88/10 17-MIPS desktop 
workstation includes a color moni- 
tor, a 156M-byte hard-disk drive, 
and 8M bytes of RAM. The disk- 
drive capacity is expandable to 3G 
bytes and the RAM to 32M bytes. 
The workstation’s monitor provides 
1280 x 1024 pixel resolution, and its 
standard color system is expand- 
able to 24 bit planes with an 8-bit 
overlay. The unit complies with the 
SVID (System V Interface Defini- 
tion) and POSIX (Portable OS In- 
terface) standards for Unix as well 
as TCP/IP (Transmission Control 
Protocol/Internet Protocol) for Eth- 
ernet. Because the unit also sup- 
ports the company’s high-speed 
Color # Cache implementation of X 
Windows System 11.38, it runs soft- 


ware ported to X11 on the com- 
pany’s other XD88&s or on 4319 


68000-based workstations. The 
workstation also runs_ software 
written for the OnRamp graphics 
software library. Base unit, 
$15,450. Available for orders now 
with shipment in the first quarter 
of 1990. 

Tektronix Inc, Box 14689, Port- 
land, OR 97214. Phone (800) 225- 


5434. Circle No. 368 
STD Bus 2-Axis Motion 
Controller 


@ Contains two 40W drivers for 
small motors or hydraulic valves 
@ Controls 2-axis de brush motors 
or a single-axis brushless motor 
Designed for 8- and 16-bit STD Bus 
systems, the SMCC-STD Bus mo- 
tion-controller card contains two 
40W drivers that are suitable for 
driving small motors or hydraulic 
valves. It can control 2-axis de 
brush motors or a single-axis de 
brushless motor. Phase-commuta- 
tion control is provided for a 3- or 
4-phase brushless de, ac induction, 
or a stepper motor. The card occu- 
pies two card slots and four I/O or 
memory addresses, which may be 
selectively placed at any of 64 ad- 
dress locations. A custom 16-bit-in- 
ternal, 8-bit-external microcontrol- 
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ward terms for reducing following 
error to almost zero. The card em- 
ploys a Basic-like programming lan- 
guage. $1299. 

Delta Tau Data Systems, 21119 
Osborne St, Canoga Park, CA 
91304. Phone (818) 998-2095. FAX 
818-998-7807. Circle No. 369 


ler uses pipelining and DMA to 
achieve a 300-ysec servo update 
time. You can store motion parame- 
ters in an onboard electrically alter- 
able ROM, which enables stand- 
alone operation without a host com- 
puter. Proportional, integral, and 
differential gains have independent 
velocity and acceleration feedfor- 


20-MHz 80286 
CPU Board 


@ For the passive industry-stan- 
dard-architecture backplanes 
© Has as much as 8M bytes of LIM 

4.0 Expanded Memory 
The RA-804 80286 CPU board for 
passive ISA (industry standard ar- 
chitecture) backplanes contains the 
Phoenix BIOS in ROM, an 80287 
coprocessor socket, a keyboard con- 
troller, a real-time clock, and as 
much as 8M bytes of LIM 4.0 ex- 
panded memory. You can install the 
memory in four rows of DIP sock- 
ets. Each row can handle 256k x 9- 
bit or 1Mx9-bit RAM chips. A 
daughter board accommodates four 
additional rows of sockets. Inter- 
leaved memory organization per- 
mits zero-wait-state operation with 
80-nsec RAMs. The CPU can access 
the memory at a rate of 20 MHz. 
Because the Phoenix BIOS is in 
ROM, the setup routine for the ex- 
panded memory, which is part of 
the BIOS, is accessible without a 
disk drive. The unit operates from 
0 to 60°C and draws 1.5A from the 
5V supply. $850. 

Amdex Corp, 267 Boston Rd, N 
Billerica, MA 01862. Phone (508) 
663-2070. FAX 617-663-5094. 

Circle No. 370 
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NEW PRODUCTS 


Fuzzy-Set Comparator 


®@ Compares input data with 

known patterns 
@ Can handle eight patterns 
The MD1210 fuzzy-set comparator 
is an artificial-intelligence IC with 
a digital hardware neural network 
optimized for pattern recognition. 
The comparator can be taught to 
recognize patterns without the use 
of software algorithms or other pre- 
programming. A single chip can si- 
multaneously compare eight un- 
known data streams (patterns) to 
one known data stream, or eight 
knowns to one unknown. An expan- 
sion capability lets you combine as 
many as 32 chips, so you can com- 
pare an input with 256 stored data 
patterns. The IC uses standard 
memory devices and contains a 
standard wP interface. A fuzzy-set- 
comparator evaluation kit is also 
available featuring an IBM PC/XT- 
and PC/AT-compatible board, 
which includes the MD1210, an 
NTSC video interface, a C-lan- 
guage program source on a 5//-in. 
floppy disk, and a user’s manual 
with board schematics. MD1210, 
$38; evaluation kit, $250. 

Micro Devices, 5695B Beggs Rd, 
Orlando, FL 32810. Phone (407) 
299-0211. Circle No. 351 


FET-Input Op Amp 

@ Has 135-nsec settling time 

@ Needs no external compensation 
The FET-input AD843 op amp, 
which has a gain-bandwidth product 
of 34 MHz, needs no external com- 
pensation to achieve its 135-nsec 
settling time of 10V_ steps to 
+0.01%. The internally compen- 
sated monolithic device draws only 
13 mA of quiescent current and of- 
fers a lower-cost, lower-power al- 
ternative to high-priced hybrids, 
which typically require external 
compensation and dissipate more 
power. In addition, the AD843’s de 
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characteristics benefit applications 
requiring high precision. The op 
amp’s maximum input-bias current 
of 1 nA and its input offset voltage 
of 1 mV maintain low dc-offset er- 
rors. Other specs include an input 
offset current of 20 pA, a slew rate 
of 250V/uws, an open-loop gain of 
30V/mV, and common-mode rejec- 
tion of 76 dB. Operating from + 15V 
supplies, the AD843 is available in 
commercial-, industrial-, and mili- 
tary-temperature grades. Package 
options include 8-pin DIPs and 12- 
pin metal cans. From $8.80 (100). 
Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (508) 658-9400. TWX 
710-394-6577. Circle No. 352 


Dual Universal 
Switched-Capacitor Filter 


@ Features three outputs 

@ Has a wide operating range 

The LMF 100 switched-capacitor fil- 
ter features a center-frequency op- 
erating range of 0.1 Hz to 100 kHz 
and a low offset voltage of 15 mV 
max. The LMF100 contains two sec- 
ond-order filters that feature three 
outputs each. One output performs 
either allpass, highpass, or notch 
functions; the other two outputs 
perform bandpass and lowpass func- 
tions. Crosstalk between the two 
filters exceeds —60 dB. You can 
tune the filter’s center frequency 
over its entire range by selecting 
the ratio of external resistors and 


by varying the clock frequency from 
5 Hz to 3.5 MHz. Clock-divisica ra- 
tios of 50:1 or 100:1 are pin se- 
lectable. A single LMF 100 can per- 
form a fourth-order biquadratic 
function or classical filter functions 
such as. Bessel, Butterworth, 
Chebyshev, and elliptic. The filter 
operates from supply voltages of 4 
to 15V or +2 to +7.5V. Current 
drain at +5V is only 13 mA. Ina 
20-pin DIP, $2.50 (100). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-2273. TWX 910- 
339-9240. Circle No. 353 


CMOS Military Static RAM 


@ MIL-STD-883C compliant 
@ Has 64k-bit density 
The M5164 64k-bit static RAM 
(SRAM) is compliant with MIL- 
STD-888C Class B and DESC re- 
quirements. Organized as 8kx8 
bits, the M5164 has access times 
ranging from 25 to 70 nsec. A byte- 
wide, 256k-bit version will be avail- 
able before the end of the year. The 
device, which is pin compatible with 
many other 8kx8-bit SRAMs, is 
available in a 600-mil ceramic DIP 
and is marked with the appropriate 
DESC number: 5962-89691 (25 
nsec) or 5962-85525 (35 to 70 nsec). 
From $75 (100). 

Intel Corp, Box 58065, Santa 
Clara, CA 95052. Phone (800) 548- 
4725. Circle No. 354 


Miniature DC/DC Converter 


® Has 1W output capability 

® Has 75% min efficiency 

The NMA series of 1W de/de con- 
verters achieves a power density 
exceeding 14W/in’. In the available 
SIP, the hybrid device occupies 
only 0.18 in.” of board space. Also 
available is an industry-standard, 
14-pin DIP. The converters provide 
1W of isolated output power at effi- 
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clencies between 75 and 80% from 
inputs of 5, 12, 24, and 48V de. The 
converters are available with out- 
puts of +5, +12, and +15V dc and 
will operate over a temperature 
range of —25 to +80°C. $19.50 (1 
to 9). 

International Power Sources, 
200 Butterfield Dr, Ashland, MA 
01721. Phone (508) 881-7484. FAX 
508-879-8669. TWX 510-100-3630. 

Circle No. 355 


CCD Driver 


@ Has dual 3A outputs 
®@ Achieves high contrast from 
CCDs 

Designed specifically to drive 
CCDs, the TSC430 greatly im- 
proves images in facsimile ma- 
chines, copiers, and video cameras. 
The dual 3A-pk output driver is de- 
signed to achieve maximum con- 
trast from CCDs. Featuring low 


Corning Incorporated 


propagation delay, the driver has 
a maximum skew (the crossover of 
the two complementary outputs) of 
5 nsec. The device allows output 
swings between positive and nega- 
tive supplies without sacrificing ac 
performance when driven from TTL 
logic. The quiescent power require- 
ment is <5 mA at 15V. The TSC430 
is available in 8-pin DIPs and 
a 20-pin LCC. Commercial-grade 
devices, from $2.75 (10,000). 
Teledyne Semiconductor, 1300 
Terra Bella Ave, Mountain View, 
CA 94039. Phone (800) 888-9966; in 
CA, (415) 968-9241. FAX 415-967- 
1590. TWX 910-379-6494. 
Circle No. 356 


24-Pin PAL Devices 

@ Delay is less than 7.5 nsec 

@ Operate at speeds to 74 MHz 
The 24-pin PAL20R8-7 family com- 
plements the company’s 20-pin de- 
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vices introduced in June 1988. The 
maximum propagation delay of the 
new bipolar devices is 7.5 nsec. Sus- 
tained operating frequencies of 74 
MHz are obtainable under worst- 
case external feedback conditions. 
The PAL devices are supported by 
the company’s PALASM develop- 
ment software and by third-party 
development tools. The vendor’s 
low-cost LabPro programmer, as 
well as third-party programmers 
that have been certified by the ven- 
dor, provide programming support. 
The devices are available in a 24- 
pin, 300-mil plastic DIP and in a 
JEDEC-standard, 28-pin _ plastic 

leaded-chip carrier. $11.10 (1000). 
Advanced Micro Devices, Box 
3458, Sunnyvale, CA 94088. Phone 
(408) 732-2400. FAX 408-982-7490. 
Circle No. 357 
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lit 

WINNING 
AUVERTISEMIENTS 


from EDN Magazine Edition’s 
August 3, 1989 Reader Vote 
Contest. Our readers evaluated the 
advertisements in the issue 
to select the ones they 
judged to be the most 
informative, helpful 
and attractive. 
Congratulations to the 
advertisers and agencies 
who combined well- 
written copy and 
superior design to 
create these win- 
ning advertisements. And, a 
special thank you to the readers 
who took the time to participate. 
Here then are the outstanding 


pet formers. 


he human brain has separate 
but dependent left and right sides 
Similarly, an electronic “brain” or 
system has separate but dependent 
parts, one digital, one analog, De 
signers accustomed to the spec 
tacular performance gains made in 
digital chips are now demanding 
comparable improvements in 
analog devices so that both parts 
their systems can function to full 
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TEXAS INSTRUMENTS 
A PERSPECTIVE ON DESIGN ISSUES: 

New ways to link digital brains 
anced analog worlds 
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Next-generation anal 
Advanced Linear ICs 


A new breed of linear chips, born of leadership processing at 
Texas Instruments, can help you design superperformance systems. 


DESIGN 


———————————— 
«..the key to driving 


ee 


the linear evolution lies 
in the excellence of 
processing technologi 


wed in reliable, economical plastic 
LinEPIC has also produced such 
high-speed, high-density interface 
chips as our Flash A/D and our 
Video DAC for use in graphics dis 


plays, imaging systems, monitors 


Sophisticated design and simulation tools s pment THs Advanced Linear High-density Analog Interface Circuit chips dem 

ICS. helping you narket taster. By using these touts, T ifter as standard circuits mar Innovative linear processing technologies. These DS! tt 
design: rev wi some ration under software control without exter 

They are often the result of result: TI's Advanced Linea’ and cameras. Both devices require rive, or H 


advanced processing that may 
merge two or more technologies 
Better parameters 

from better proc 


Because 


requirements for pert 


flexibility vary greatly, a single 
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devices are already helping system 
designers link digital brains t« 


Advanced Linear: 
Displaying greater brilliance 
of our pacesetting LinEPIC 

e processing comes our high-pertor 
Ir ro Palette 
25 MHz with 


1024 x 1024 pixel count 
ause of one-micron CMOS 


reduced more than 40% 
ther CMOS implementations. 


nage). Th Additionally 


operat 
avery high 


DMOS-hased BIDFET 
ire replacing clectromechanical 
relays in many automotive applica 
tions, such as driving headkamps 
ind motors. Power BIDFET allows 
us to minimize px 
switch and add high-complexiry 
logic functions 
Multi-EP1 bipolar processing, i 


about five times less power thar in the furun 


bipolar equivalent nay lead t 
advanced analog worlds more effi for-car 
ciently and with greater ease in Advanced Linear: Intelligent hamesse 

ing many applications. Here are a few power for every car 
advanced analog system examples Chips fabricated with our Power 


Processing 


et loss in the 


technologies. 


232 volta 


suspension systems 


chips are ideal for use in autome 
ve antilock braking systems 
electronic transmissions 


Either technology can produce de 
vices with low-side drive, high-side t 


Advanced Linear: Enhancing 
modems and facsimiles 

THs dual driver/receiver 
example of the integration 
achieved with advanced processing 
LinBiCMOS 
processing has enabled us to put 
the drivers and receivers needed for 
¢ levels on the same 


chip with the charge pump 


» “Brainy lead in graphics; well-done copy and 


details.” 


Sr. Design Engineer, Magnetic Instrumentation 


ed for moder 


ment, combine h 


and active x 
performanc 
14-bit A/D and 
A converters and switched 
capacitor filters—with digital 
functions such as control circuitry 
Program registers, and DSP inter 
ace. The usual clutter of resistors. 
capacitors, and pots is eliminated 
High-speed AICS are available 
for use in servo controllers and 
hard-disk 
These AICS are also high-pertor 
mbers of our LinASIC 


analog functions. 


drive applications 


mance m 


1 


ell library. Based on TI's 
tal ASIC method. 
mASIC hibr 


standan 


Advanced Linear: Boosting 
instrumentation accuracy 


anced LinCMOS 1s m 


r Stabili 


d Op 

1 chopping frequencies 
10 times higher than previously 
wailable (10 kHz). Noise levels are 
the lowest on the market 


Amps wit 


isa good 


The evolution in analog devices 
has only begun. Dramatic prog 
lies ahead throughout the 1990s 
As the Advanced Linear leader 
Texas Instruments is pledged to 


remain at the forefront, supplying 
you with new ways to link digital 
brains to advanced analog worlds. 


NSUMpPUON is very t-etfective technology, is required to generate the necessary 

compared used to produce chips having split rails from a single 5-V supply 
inherent reverse battery protection You eliminate external power sup sip 

device is pack and high operating voltages. Such plies and get it's caster 
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widespread in ASIC 


abecchip role with the development of its LinASIC method 


Checkpoints for choosing an analog 
supplier in the 1990s. 


Quer 
ad near Product 


Q. What is the first thing to look 
for in choosing a linear supplier? 


believe creative 

alone won't meet the c 
Advanced 

keys to suc 

performance of the 

Q. Whar else should a designer 
look for? 


A. Whether or not the supplier has 
experience with digital 
analog devices. These two worlds 
are merging (see chart above). Func 
tions once performed by analog are 
now done digitally, and 
percentage of our Advanced Linear 
devices combines analog an 


growing 


tal circuitry on one chip 

At TI, we've levera C 
years of digital expertise into the 
development of our Advanced 
Linear products and pre 
with highly satisfactory success 
This has heen especially noticeable 
with our LinASIC methodology 


Q. Do you expect ASICs to play a 
major role in your linear future? 


sing 


A. Very definitely, as they already 
do today. Cell-based designs will be 
the rule in both user-specified func- 
tions and highly integrated stan- 


ind answers with Tom Engihous, Vice President, Semiconductor Group, 
Texas Instruments Incorporated. 


dard products. Digital ASIC 

meth Iso the key to 

cutt a desi; As our 
experience proves, suppliers 


S are 


v cycles. 


have advanced process tech- 
and fast, accurate design- 

romation tools will be the best 
o deliver single-chip 


we have customers doing 
wen LinASIC designs using 
ur advanced processes and design- 
automation tools 


Q. What role does manufacturing 
capability play in picking a 
supplier? 

A. It is always a factor, and the 
need for efficient worldwide 
manufacturing facilities such as TI 


has in place wall become even more 
Today's semiconductor 


shal in nature. You 


Q. Any other important factors? 


A. Yes, I'd suggest thar, in choosing 


a linear supplier, the designer f 
one he can live with for a long 
time. Close supplier-customer 
relationships are essential to the 
development of products thar will 
provide the highest performance 
and lowest cost systems. 


SYSTEM 


DESIGN 


TI's Leadership Linear 
Processing Technologies 

LinBiCMOS—Combines Ad- 
vanced LinCMOS, digital ASIC 
CMOS, and up to 30-V big 
technologies to allow the ir 
tion of digital and analog standard 
cells and handcrafted analog 
components on a monolithic chip 

LinEPIC—One-micron CMOS 
double-level metal, double-level 
polysilicon technology which adds 
highly integrated, high-speed 
analog to the high-performance 
digital EPIC process 

Advanced LinCMOS—An 
N-well, silicon-gate, double-level 
polysilicon process featuring im 
proved tesistor and capacitor struc+ 
tures and having three-micron 
minimum feature sizes. 

Power BIDFET—Merges stan- 
dard linear bipolar, CMOS, and 
DMOS processes and allows inte 
gration of digital control circuitry 
and high-power outputs on one 
chip. Primarily used for circuits 
handling more than 100 V at cur- 
rents up to 10. A. 

Multi-EPI Bipolar—A very cost- 
effective technology that utilizes 
multiple epitaxial layers instead of 
multiple diffusion steps to reduce 
mask steps by more than 40% 
Used to produce intelligent power 
devices that can handle loads as 

gh as 20 A and voltages in excess 
of 100 V. 

Excalibur—A true, single-level 
poly, single-level metal, junction- 
isolated, complementary bipolar 
process developed for high-speed, 
high-precision analog circuits 
providing the most stable op amp 
performance available today 


Our just-published Advanced Linear 
Ceraats brochure examines more fully 
the changes taking place m anal 

tem design and their impact on Ii 


For your copy, call 
3200, ext. 3407, today. 


TEXAS % 
INSTRUMENTS 


¢ “Striking graphics!” 
Design Engineer, 
McDonnell-Douglas 


e “Design caught my eye then 
copy gave me an education.” 


Systems Engineer, 
Electrospace Systems 


“Stark reality that the analog 
world is powerful.” 
Engineer, Rockwell International 


“Lightning is impressive example of analog 


signals.” 


e “A real eye-catcher—brief but informative.” 
Engineering Manager, Hughes Aircraft Company 


Sr. Engineer, Lockheed—ESC 


° “Simple analogy picture explains ease of 
instrument use.” 
Sr. Lead Test Engineer, Honeywell MAVD 


° “Clever graphic—short and to the point.” 


Design Engineer, D-G Electronic 
Developments Co. 


* “Effectively illustrates ease of operation.” 
Sr. Development Engineer, Nicolet Instruments 


If you can use these simple tools, 
you can create any waveform. 


The Model 75 Arbitrary 
Waveform/Function 
Generator lets you create 
and edit waveforms which 
it reproduces with digital 
precision. It’s easy to do, 
because you use a thumb- 
tack and rubberband editing 
system to stretch and shape 
the waveform on the x-y 
axis while you watch the 
results on your oscilloscope. 

No other arbitrary 
generator lets you design waveforms 
from the front panel this way. 

You can also download and 
modify computer-generated 
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waveforms. Or use one of the nine 
built-in functions. The Model 75 
memory provides a grid of 8,000 
horizontal and 4,000 vertical 
points for reproducing signals with 
amazing purity. 
You can see that Model 75 is 
the wave of the future. 
And at less than $3,000, 
it’s affordable now! 
For literature or a 
hands-on demonstration 
of Model 75, call 
(619) 279-2200. 


Its an 
Analog 
World. 


Ultimately, all circuits are analog 


circuits. That’s why you should 


step into the analog EDA world of 
Mentor Graphics. 

Here you will find advanced design 
automation that guarantees high quality 
results. Gets you to market sooner. And 
still leaves you time to explore 

creative alternatives. 
Start with AccuSim™ a 
robust analog simulator that 
consistently converges to a 
correct result—even on designs 
containing thousands of transistors 
Then turn to AccuParts™ This library 
of more than 2,400 discrete and integrated 
components includes a large selection of 
European and Pacific Rim parts. In fact, 
AccuParts is the most complete and accu- 
rate analog library available 

With AccuSim and AccuParts, you 
also enjoy full integration with the far- 
reaching Mentor Graphics suite of EDA 
tools. So you have direct links to logic 
simulation, IC and PCB layout, thermal 
analysis and more 

AccuSim and AccuParts draw you into 
a design environment that is analog at its 
core. So you can depend on the world’s 
EDA leader to keep providing the tools 
and support you need. 

For a brochure on the Mentor Graphics 
analog world, dial this digital, toll-free 
number: 1-800-547-7390. 
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The 20 GHz Tek 11800 Series 
Digital Sampling Oscillo- 


Company: 


Tektronix, Inc. > 


Young & Roehr 


Motorola Semiconductor 
roducts, Inc. | 


If you really want to leverage the 


full power of high-resolution, high- 


frequency measurements —now 
and in the future—the Tek 11800 
Series is the only real choice. 

Only the 11800 offers you more 
than four direct channels of signal 
acquisition, plus TDR. Here, with 
the modularity of the 11800, you 
can expand to 136 channels — 


without multiplexing. 

Only the 11800 offers more than 
a handtul of sampling heads. 
We've introduced six within six 


e “Put it together and whey have you got: a ‘riscky’ ad!” 


more to follow. 


Extensive TDR and the only —_1 ps measurement repeatability and 
differential TOR capability in 01 ps sample interval 
the business. Other systems Let us show you other exclusive 


give you a single TDR channel 
The 11800 lets you do TDR mea- 
surements on every channel in 
your system. And it the only sys- 
fem to do true differential TDR — 


on up to 68 channels. 


THE BIGGEST HEAD START IN SAMPLING 


months— including optical-to- 
electrical convertors, |oop-through 
and low-noise heads —with even 


1-800-426-2200, 


And for the accurate results you 


e “Excellent!” 


Sr. Engineer, Unisys Corporation 


need, nothing rivals the 118005 
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capabilities of the 11800 Series: its 
automatic statistics, continuous 
display updates and powertul 
waveform processing. Contact your 
Ik sales engineer, or call toll free: 


e “Informative and excellent taste.” 


Electrical Engineer, Visionetics 


This is why you should 

RISC* it all 

The Motorola 88000 
microprocessor 

It's one awesome chip, 
turbocharged by two 
cache memory manage- 
ment peripherals. And it’s 
designed to make every- 
thing from UNIX® multi-user 
business systems to graphics 
workstations to fault- 
tolerant on-line transaction 
processing systems several 


times faster and more power- 


ful than ever before 

For instance, at 25MHz, 
the 88000 is as fast and 
powerful as 21 MIPS and 


9 million floating point 
operations per second 
But that’s just for starters 
By 1991, we'll have an ECL 
version running at a 
blistering 100 MIPS 

What's more, you can 
accomplish with three 
Motorola chips what 
would take up to 70 chips in 
other RISC systems. And 
you'll do it in less than 
one-eighth the board space 

So it’s no surprise that 
experts are hailing the 88000 
as the definitive RISC solu- 
tion. And the one that’s well 
on its way to becoming the 
industry standard 


“Reduced Instruction Set Computer. “Design environments shown above include Data General AViiON workstation, Tektronix DAS 9200 logic analyzer and target board with Macintosh f 


for software development."*"Software Vendors: Absof,Aitech. Appied Logic Systems, Diab, Franz, Green Hils/Oasys, Language Processors, Inc, MBP Software, Micro Focus, NKR Research, Siicon 


Valley Software, Tadpole Technology, Telesof, Translation Systems, Unisoft Wollongong, Languages: ADA, BASIC. C**, C, COBOL, FORTRAN, LISP, Pascal, PLIM, Prolog, RPC 
Al company and product names are trademarks or regstered trademarks of their respective holders. © 1989, Motorola, Inc 
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Sr. Engineer, Sanders Lockheed 


e “The headline says it all.” 
Principal Engineer, AVX Corporation 


e “Informative, well laid-out, cute pun.” 
Project Engineer, Encore Computer Corp. 


This is why the 88000 
is no risk at all 

It comes with a com- 
plete RISC design environ- 
ment: assemblers, linkers 
code simulators, com- 
pilers, emulators, logic 
analyzers and more™ 
From companies like 
Green Hills'/Oasys’ 

HP* Language Processors 
Inc’ and Tektronix’ to 
name a few.** 

The 88000 also comes 
with the full support of the 
88open, a consortium of 
over 50 leading hardware 
and software vendors 
devoted to making the 
88000 the RISC micropro- 
cessor standard. 

The 880pen has already 


(A) moroROLA 
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e “Wow!” 


Project Engineer, 
Rockwell International 


established a Binary 
Compatibility Standard 
for the 88000 family, and 
has mobilized over 30 
companies who are devel- 
oping UNIX application 
software for 88000 
machines. Word Perfect? 
Relational Technology; 
Frame’ Access—the list 
keeps growing 

So join the crowd. 
Call or write for more 
information on the 88000 
and the companies behind 
it. Motorola Inc., PO. Box 
20912, Phoenix, AZ 85036. 
1-800-441-2447, 

Its not only the greatest 


RISC you Winner Ba ne 
can take. It's le 
the safest. 


e “The graphic appeals to the 
engineer’s mind.” 


Technical Engineer, 
AT&T Bell Laboratories 


e “The graphic says it all!” 


Owner, Can-Tron 


e “Humour always gets my attention!” 
Sr. Engineer, Optronic Laboratories, Inc. 


Next time th 
about ad 


ey boast 
more 


features to a real-time 
clock, ask to see one first. 


The Harris Way: 
More On-Chip 
Functions And 
Affordable. 


First. we thought about lite 
two centunes trom now 
Then we built a clock 
last that long 

\ 128-sear calendar 
with automatic leap vear 
Corrections Is just one im- 
pressive feature of our 
patented ICM7170 real 
time processor-compatible 
clock. There are many 
more 

Our CMOS-fabricated 
clock offers more on-chip 


functions than commodity 


quality clocks. neluding a 
battery backup cireunt. 

| reculated power supply 
assummg stable oscillator 


frequency). on-chip power 


| alarm comparator and 
| RAM It generates alarm 
| interrupts and seven pro- 
grammiable pernodt 

| interrupts 


Hight separate internal 


| addressable and program- 
| mable counters keep ume 


| from hundredth 
| seconds to years. The 
[ICMTI70 is easy 10 se 

| too: ne exotic software ts 


| needed Latches prevent 


- | clock roll-over during read 


down detector and on-chip 


eyele, And you read it like 
| aRAM 

The 7170's 300 ns ac- 
cess time and high com- 
paubility make ia pertect 
peripheral fora whok 


| range of apphieauons. trom 


data and portale 


| and personal computers to 

industrial process contro! 

and pont of sale systems 
With its military 

temperature rating and. 

| 883C screening. the 

| ICMT170 is already per- 

| forming where perlor 

| mance counts most — in 

| demanding strategic and 


| tactical systems. Packages 


include 24-pin plastic and 


ceramic DIPs and 24-pin 
stall-outline DIP. 

Soil vou re looking for 
a high-performance 
power-saving clock for 
your system. look to 
Harms 7170. 

Call for our brochure 
and data sheet 
1-800-4-HARRIS, 


Ext. 1998, 


What your vision of the 
future demands. loday. 


) HARRIS 


1988, Harris Corporation 
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Hitachi Brings You Fast Memory Devices 
In All Types and Sizes 


Crr—regandiess of site~are bel fe: spend. Bech 
mercher of the cat temsly demonstrates ex 
extraondinery Segree nf grace and wunkness 
Waether its 2 tiger running down otey, oF 

house cer pleying with a toy, their corse 
recttage fs urmetakadic. 


2 Now, Mataché offers you an 
Sees variey of messiory cbeviows: fast D “ 
Ben LO SRAMs, ECL 10) SRAMS wide varkety rsises, oth Saath TTL 
Thesr cecenyon Se highend ECL EOC 
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ez PCRS TA RAST 
a fast 450s accom te with kes pewet 

fon. Higher speeds availabic .cun. 

dhe i SM x i and 16K x 4 
rota, afd in coacirective hast: 


Hitech: HE Ba MCS SRAM 


¥ Ps MAE a 356K Gowns, wath 
i The faster of these advanced cnemites an: Peay a gare 
bait with our HiEBICMOS™ process for ECL tke Vtachi ger igae seen tester: Ks 
% speed with: OME impcion. Year can ores, Sena vallanie 


newest M EPROMs ase extore 
de ansvertee : 


fas: 


f€ you design PC-based systems, cur fast 
cnesnorigs car: eliminate WALT a 
nerense sour throughput, while maintaining 
ost-effectiveness. §f you design cantrcl atoway 
toms, image orovessing, CAD-CAM 
Repent, mainéaies or Sularcrs, Gar kigh- 
speal memores ail keep up with the feat 
handwere in the rest of your sxstere. 


only one Sol 
smh nace 
Representariar ae g 
Literanere Fast Action: Fos eociuct 
lreratun: cae. CALL TOLE. FREE, :-A00-8¢2-500, 


Ext. 9803, Ask foe nergture number MU 
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Our Stacudards See Standands 


« “Eye-catching, tasteful, informative.” 
President, Sycom 


¢ “Terrific visual impact!” 
Senior Engineer, Eaton Corporation 


MODERN 
with a Twist 


Oigitize. Manipulate. Process and display. That's what imaging 
system design has come to, And, it’s your job. To design the 
image processing system of tomerrow. For a new breed of 
modern artists in maging, video special effects, medical 
electronics and satellite mapping 


At TRW LSI Products, we've got your design in mind. Our 
converters and image processing components provide com- 


processing speeds and resolutions to meet your needs. 


Bringing the worlds 
of Data Acquisition 


Turn your next design into a work of art 
with imaging solutions from TRW LSI Products. 


TRW LSI Products Inc In the Orient, phone: 

P.O Box 2472. La Jolla, CA 92038 Hong Kong, Tekiron, 3 860629; 

619.457 1000 Tokyo, Ose Semicon, 3.487 0386. 
Teksel, 3.461 5311 

in Europe, phone: Taipes, Sea Union, 2.781 2062: 

TRW SI Products Inc Seoul, MS, 2:553,0901 


nap ws oo 
read i | 


TRW LSI Products Inc. 


TRW loc. 1969 - 71280289 
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. . 
patible and cost-effective solutions for your design objectives. ce 2 
We've gat the fundamental functions, complex algorithms, e O er I | ar 1S 1c Li 


e “Provides useful information.” 
Engineer, PEI Inc. 


Sr. Engineer, Ampec Corporation 


: “Besides the beauty of the modern art, the ad 
1m 131 Pius amt a provides concise information.” 
mere Electrical Engineer, Johnson & Johnson 


Sie, Sram e “Concise and realistic!” 
Design Engineer, Hughes Aircraft Company 


TO MAKE A DIFFERENCE, 


YOU NEED THE COURAGE 


TO BE DIFFERENT 


e “Artistic excellence, succinct 
expression.” 
Engineering Manager, 
BW/IP International, Inc. 


e “Simple but striking graphic.” 
VP Engineering, ITS Corporation 


* “Direct facts, impressive photo, not too wordy.” 
Application Engineer, Tektronix, Inc. 


some designers 
already take enclosures 
very seriously. 


If you don't, maybe you should look at the enclosure 
system that can add superior quality and protection to 
your ideas 

For example, are you insisting on the right solutions 
from your “packaging” supplier concerning: unique 
aesthetics, unlimited flexibility, perfect (100%) cost 
efficiency at the highest quality levels? 

Do you get engineered solutions for thermal dynamic 
conditions, EMI/RFI shielding or any national or 
international approval? 

You will getit all from RITTAL. 

If you aren't already familiar with RITTAL, take justa 


you our full-line handbook ofe enclosure 3 systems and 
intelligent components. It's free, but the information 
could change your mind about the importance of 
enclosures. .. forever. 

Take your design all the way to perfection 
switch to RITTAL 


1-800-637-4425 


RITTAL Corporation 
P.O. Box 1284 

3100 Upper \alley Pike 
Springfield, OH 45504 
Phone: (513) 399-0500 
Fax: (513) 390-5599 
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e “As a NASA employee—the picture is a real 
eye-catcher!” 
R&D Manager, NASA 


° “Makes you feel this company’s product is really 
worth looking into.” 
VP Engineering, Trans Tech International 


e “Space-age!” 
Technical Engineer, Rockwell International 
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Drill 
of the year. 


powerful custom-designed 12-volt battery pack from 
Gates. Thanks to patented Gates technology, each full- 
size nickel-cadmium GEMAX™ cell is selected and 
graded to the highest performance rating possible. 
Add the increased power of the world’s first cord- 
less tool motor ever made with Magnequench* rare- 
pound for pound the 9850 delivers more work per earth magnets—and the result is higher torque with 


charge than any other cordless drill of the same size. less battery drain. In the end, a drill that drills larger 
Innovation is the key to the 9850. It starts with a holes and drives larger screws on 20% less energy 


\When Popular Science reviewed new power tools, many 
were good. In fact, even great. But one of them stood 
out above all the others. The Porter-Cable Model 9850. 
A professional cordless driver/drill—driven to perfection 
by a rechargeable battery from Gates Energy Products. 
What does it take to be the best? Quite simply, 


MAGNEQUENCH‘ is a registered trademark of the Delco Remy Division of General Motors. 
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The power 
that drives tt. 


than other cordless drills of the same size. 

A marvel of technology and teamwork! In fact, the 
Gates battery was designed into the 9850 from the be- 
ginning. Because at Gates we offer technical and appli- 
cations engineering support like no one else in the 
business. And we back it up with a full line of standard 
and custom-designed rechargeable batteries—includ- 
ing not just nickel-cadmium but also sealed-lead and 
nickel-hydrogen. All of which offer you unsurpassed 


power delivery in a multitude of cell sizes. With batter- 
ies ranging from 0.065 amp-hours to a whopping 25. 
Which may be just what you need if you're design- 
ing the next great product of the year. And which ts 
probably why we're the company idea people turn to 
most. To find out how we can help you, why not give us 


acall at 1-800-627-1700. 


LEP ner 
And experience the power Fuller rate Ae 


of your great idea. 


The power of great ideas, 


CIRCLE NO 98 
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Tower-Type Enclosures 


@ Available in four widths 
® Come completely wired for VME 
systems 

These portable VMEbus-system 
enclosures come in 3U, 4U, 5U, and 
6U widths. The 3U-wide units ac- 
cept as many as five boards in sin- 
gle, double, or triple heights; the 
4U and 6U enclosures accept as 
many as seven and 12 boards, re- 


spectively. The mechanical dimen- 
sions of all towers conform to DIN 
41494, part 5. The towers measure 
17 in. high and are completely wired 
and tested with Jl and J2 
backplanes, power supplies, and 
fans. The units can also serve as 
desktop enclosures. Typical 5-slot 
tower, $300. 

Elma _ Electronic Inc, 41440 
Christy St, Fremont, CA 94588. 
Phone (415) 656-3400. FAX 415- 
656-3783. Circle No. 358 


Chip Resistors 


@ Available in 1206 size 
@ Offer +0.1% accuracy 
Available in the standardized 1206 
size, TNPWM thin-film chip resis- 
tors have resistance values ranging 
from 49.90 to 100 kX. Depending 


on the temperature coefficient de- 
sired (+25 ppm°C, Characteristic E 
or +50 ppm/°C, Characteristic H), 
the resistors are available with tol- 
erances of +0.1, 1, 2, or 5%. Mini- 
mum resistance values for +0.1% 
tolerance units is 1000. The resis- 
tors have flow-solderable, wrap- 
around terminations that enhance 
automatic-placement capabilities. A 


MIL-STD-883C 
NOTICE 86 
Methods 1011 8 1014 


red leak rate- Measured leak rate (R,) is defined as the leak rate of a given 
ge aS measured under specified conditions and employing a specified test 

m- Measured leak rate shall be expressed in units of atmosphere cubic 

meters per second (atm cc/s)- For the purpose of comparison with rates 

mined by other methods of testing. the measured leak rates must be converted 
uivalent standard leak rates. 


alent standard leak rate- The equivalent standard leak (L) of a given 

ge1 with a measured leak rate (R,). is defined as the leak rate of the same 
ge with the same leak geometry. that would exist under the standard 

tions of 1l-la- The formula (does not apply to test condition B) in 3-1-]-2 
sents the L/R ratio and gives the equivalent standard leak rate (L) of the 

ge with a measured leak rate (R,) where the package volume and leak test 
tioning parameters influence the measured value of (R,)- The equivalent 

ard leak rate shall be expressed in units of atmosphere cubic centimeters per 


Military Language. 
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nickel-barrier coating provides ex- 
tra protection for the inner elec- 
trode. The units are available in 8- 
mm tape and reel, tray, or bulk 
packaging. Units with 25-ppm/°C 
temperature coefficient and +0.1% 
tolerance, $2.71 (1000). Delivery, 
stock to 11 weeks ARO. 

Dale Electronics Inc, 1122 23rd 
St, Columbus, NE 68601. Phone 
(402) 371-0080. Circle No. 359 


Voltage-Controlled 
Oscillators 


@ Operate from a single supply 
@ Have a 5-MHz/V tuning 
sensitivity 

D-1000 Series voltage-controlled os- 
cillators cover a 1000- to 2000-MHz 
range with a phase-noise charac- 
teristic of —95, —105, and —120 
dBe/Hz at offsets of 1, 5, and 25 
kHz, respectively. They have a 
+10-MHz tuning range and tune 


from 0 to 15V de with a sensitivity 
of 5 MHz/V. The units have a buff- 
ered output of 10+2 dBm and draw 
40 mA from a 12V supply. Har- 
monic suppression equals — 15 dBc. 
Frequency pulling and _ pushing 
equals 500 kHz and 1 MHz, respec- 
tively. Completely enclosed in a 
metal package, the oscillators oper- 
ate over a 0 to 70°C range. $130. 
Z-Communications Inc, 5450 
NW 38rd Ave, Fort Lauderdale, 
FL 33309. Phone (305) 735-1000. 
FAX (805) 735-1094. 
Circle No. 360 


EMI Filter Module 


@ Operates to 300 MHz 

® Works with RS-232C signals 
This filter module provides a con- 
venient way for designers to elimi- 
nate the problems of stray EMI in 
signal cables. The module has two 
DB-25-type connectors (1 male and 


1 female) and plugs between an RS- 
232C cable and an input or output 
port. Common-mode magnetics fil- 
ter all lines except the frame 
ground (pin 1). The filter can at- 
tenuate EMI by at least 15 dB over 
the critical 380- to 300-MHz range 
and have no effect on the data sig- 
nals. $29.95. 

Coilcraft, 1102 Silver Lake Rd, 
Cary, IL 60013. Phone (708) 639- 
6400. Circle No. 361 


HAT SIGE IGE 
ne 


ereecerereren 
FC-6001. 


If the new Military Standard 883C Notice 8, 
Test Methods 1011 and 1014 rules are a little 
hard to understand, here's the translation. 


SRSA 


Plain English. 


testing, you simply use our new FC-6046 
and/or FC-6047 fluids. 
Simple. 


SRE Sea TESTING £1OUID 


TWEE 1 ee itt 
peTECTar eLuts 


Rew cae 


We've even added some improvements. The 
useful life of FC-6001 and FC-6003 is 10 times 
greater than the fluids they replace. 


Now, for Test Method 1011 for thermal shock 
testing, you simply use new FC-6001 and 
FC-6003 fluids from 3M. 

And for Test Method 1014 for hermetic seal 


These new fluids have been formulated 
specifically to meet all the military standards. 
And since they can be used to replace all 
other fluids, your confusion about what to use 
is eliminated. 


For specifications and information on these 
new FC-6000 series fluids, write 3M Industrial 
Chemical Products Division, Dept. RAM, 
3M Center Bldg. 223-6S-04, St. Paul, MN 


CIRCLE NO 9 
EDN November 23, 1989 


SUNRISE ELECTRONICS. INC. 


A WHOLE NEW WAY TO 
PROGRAM EPROMs, 
PLDs, and MCUs 


In-circuit Programming lets you 
program your EPROMs after they have 
been installed in your circuit card. It is 
the most efficient and most reliable way 
to program. It simplifies your 
manufacturing process and reduces your 
documentation. It also eliminates sockets, 
labeling and insertion related failures. 

Our programmers can program 
multiple data files into different cards 
simultaneously. In addition we test the 
cards automatically after they are 
programmed. 

Best of all, we do all the work for you. 
Sunrise in-circuit programmers can be 
delivered as complete turnkey systems, 
or you can develop your own interface 
using the built-in self guided menu driven 
software. 


T-8000 HIGH VOLUME 
IN-CIRCUIT PROGRAMMER 
@ Program 48 or more cards at a time 
@ 40 MB hard disk, dual floppy drives 
@ 660 Watts of programming power 
@ MS-DOS compatible 
wie  T-6000 
| BRIEF CASE 
PORTABLE 
| IN-CIRCUIT 
=. PROGRAM- 
BR. MER 


® Optional lift out UV board size eraser 

@ Program several boards in one pass 

@ 3.5 inch, 1.2 MB floppy 

@ Rugged, shock mounted case, water 
tight 


T-5000 TRANSPORTABLE 
MS-DOS BASED IN-CIRCUIT 
PROGRAMMER 

@ Program several boards in one pass 


@ 20 MB hard disk, 3.5 inch floppy 
@ Rugged, shock mounted construction 


T-4000 LOW COST 
IN-CIRCUIT PROGRAMMER 


@ Customer supplies iBM AT or 
compatible 

@ Program whole circuit cards in one 
pass 

@ Supplied turnkey or develop your own 
interface using built-in self guided, 

menu driven software 


AMERICAS BEST PROGRAMMERS 


See our complete line of Universal 
and Gang programmers 


SUNRISE ELECTRONICS. INC. 
524 S. Vermont Ave., Glendora, CA 91740 


(818) 914-1926 


FAX (818) 914-1583 
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LOOK] p 

lor a jo 

doesnt 
have 


to be 


EDN’s Career Opportunities 
section keeps you informed 
of current job openings 
from coast-to-coast 


TURN TO 


PAGE6q) 


MICRO-CAP III” the third generation 
of the top selling IBM® PC-based interac- 
tive CAE tool, adds even more accuracy, 
speed, and simplicity to circuit design and 
simulation. 

The program’s window-based opera- 
tion and schematic editor make circuit 
creation a breeze. And super-fast SPICE- 
like routines mean quick AC, DC, Fourier 
and transient analysis — right from 
schematics. You can combine simulations 
of digital and analog circuits via integrated 
switch models and macros. And, using 
stepped component values, rapidly gener- 
ate multiple plots to fine-tune your circuits. 

We've added routines for noise, impe- 
dance and conductance — even Monte 
Carlo routines for statistical analysis of 
production yield. Plus algebraic formula 
parsers for plotting almost any desired 
function. 
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MICRO-CAP III. 
THIRD-GENERATION INTERACTIVE 
CIRCUIT ANALYSIS. MORE POWER. 

MORE SPEED. LESS WORK. 


Transient analysis 


Monte Carlo analysis 


CIRCLE NO 99 


Modeling power leaps upward as 
well, to Gummel-Poon BJT and Level 3 
MOS — supported, of course, by a built-in 
Parameter Estimation Program and 
extended standard parts library. 

There’s support for Hercules® CGA, 
MCGA, EGA and VGA displays. Output for 
laser plotters and printers. And a lot more. 

The cost? Just $1495. Evaluation ver- 
sions are only $150. 

Naturally, you'll want to call or write for 
a free brochure and demo disk. 


1021 S. Wolfe Road, 
Sunnyvale, CA 94086 
(408) 738-4387 


MICRO-CAP III is a registered trademark of Spectrum Software. 
Hercules is a registered trademark of Hercules Computer Technology. 
IBM is a registered trademark of International Business Machines, Inc. 
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Cz! Computers and Communications 


The clear solution 


For fast answers, call us at: 
USA Tel:1-800-632-3531. TWX:910-379-6985. W. Germany Tel:0211-650302. Telex:8589960. Ihe Netherlands Tel:040-445-845. 
Telex:51923. Sweden Tel:08-753-6020. Telex:13839. France Tel:1-3946-9617. Telex:699499. italy Tel:02-6709108. Telex:315355. 
UK Tel:0908-691133. Telex:826791. Hong Kong Tel:3-755-9008. Telex:54561. Taiwan Tel:02-719-2377. Telex:22372. 
Korea Tel:02-551-0450. Fax:02-551-0451. Singapore Tel:-4819881. Telex:39726. Australia Tel:03-267-6355. Telex:38343. 
EDN November 23, 1989 


Want to improve the performance of your 
hard disk drive while reducing size, weight 
and power consumption? Call NEC. We'll 
deliver everything you need for an ad- 
vanced SCSI disk drive design, including 
servo controller, SCSI controller, CPU and 
associated chips. 


Responsive, singlechip servo controller. 


NEC's 16-bit singlechip microcontroller 
excels in interrupt response. 
The wPD78312A incorporates 8-level priori- 
ty interrupt. It also gives you two exclusive 
hardware interrupt handling features that 
reduce software overhead. 
LI Macro Service provides 
high-speed data transfer 
between memory 
and a special func- b>, 
tion register. No software 
intervention required. 
LJ Context Switching selects a new 
register bank for each inter- 
rupt request and eliminates es 
the need for additional software "8 
to save current register contents. 


The uPD78312A offers all basic periph- 
eral functions on-chip to simplify your 
design and minimize circuit board size. 

0 2-channel, 16-bit up/down counter with 
quadruple counting and up/down 
discrimination. 

C1) 2-channel, 16-bit timers. 
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NEC's complete chip set 
for high-end SCSI hard disk drives. 


LC) 2-channel PWM outputs, programmable 
for 8/10/12/16-bit resolution. 

CO 8-bit programmable real-time output 
ports. 

CL] EPROM version available. 


Versatile, high-speed SCSI controller. 


Our SCSI controller gives you a competitive 
edge with features like high-speed 
sequence control. Overhead is minimized 
because high-level commands drive an 
on-chip, hard-wired sequencer. 

The versatile wPD72111 interfaces with 
the 8- or 16-bit data bus of any CPU. 
It executes high-speed asynchronous data 
transfer at speeds up to 5M bytes/sec. And 
, it enhances bus utilization by providing 
@ both an 8-byte FIFO for the SCSI bus, 
P’ and an 8-word FIFO for the CPU bus. 


CPU with high-speed DMA controller. 


As host to the SCSI controller, 

our chip set provides 

me the V50™,a powerful, 

MS-DOS-compatible, 16-bit 

microprocessor. It features a 
high-speed, on-chip DMA controller 

capable of data transfer rates up to 2.5M 

words/sec at 1OMHz. 


If you want clear solutions to the 
challenges of hard disk drive design, call 
NEC. Our experts have been driving the 
technology for years. 


NEC 
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CAE & SOFTWARE DEVELOPMENT TOOLS 


Enhanced Design Tool 
For Gate Arrays 


@ Provides automatic placement 
and routing features 
@ Balances clock loads to minimize 
skew 

Action Logic System (ALS) version 
1.2 is an enhanced tool for integrat- 
ing logic functions into the vendor’s 
Act1 family of field-programmable 
gate arrays. The system runs on 
Apollo, Sun, or 80386-based work- 
stations and is compatible with 
Mentor, Valid, Viewlogic, and Or- 
CAD CAE schematic-capture and 
simulation tools. ALS performs 
fully automatic 100% placement and 
routing, even when gate utilization 
is as high as 95%. The improve- 
ments to the placement algorithms 
include four levels of critical-net as- 
signment and automatic balancing 
of clock loads. The clock-balancing 
algorithms minimize clock skew and 
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allow you to predict the postroute 
performance of the chip. Other im- 
provements include a new valida- 
tor; an electrical-rules checker that 
informs you of the routability of 
your design and offers suggestions 
for improvement; and a timing ana- 
lyzer that can analyze asynchronous 
loops. From $9950 for the OrCAD/ 
PC 386 version. 

Actel Corp, Actel Inquiry Proc- 
essing, Code ALB025, Box 2813, 
Torrance, CA 90509. Phone (408) 
739-1010. FAX 408-739-1540. 

Circle No. 362 


Cross-Debugger For 80386 


® Aids software design for embed- 
ded systems 

©@ Runs on VAX machines under 
the VMS operating system 

The DB-386 cross-debugger allows 

software-development engineers 


FINALLY, 
HOW TO AVOID ENDLESS HOURS OF 


WASTED DSPAND COMMUNICATIONS 
DESIGN TIME 


who use VAX/VMS computers to 
debug software that will run on 
80386-based embedded systems. 
The debugger offers interactive 
source-level debugging capabilities 
for programs written in Intel’s C- 
386, PL/M-886, Fortran-386, or 
ASM-386, or in any mix of these 
languages. It provides a simulated 
real-time 80386 environment that 
includes simulation of the 80386 
CPU, 80387 numeric coprocessor, 
8259A programmable interrupt con- 
troller, and 8254 programmable in- 
terval timer. You can therefore de- 
velop and debug your software be- 
fore the target hardware system is 
complete. A complete development 
package includes the VMS ASM- 
386 macroassembler, the VMS 
RLL-886 utilities for linking and 
tracking software modules, the 
VMS DB-386 debugger, and a 
choice of one compiler (VMS C-386, 
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PL/M-386, or Fortran-386). $14,000 
for MicroVAX systems; $18,000 for 
VAX systems. 

Intel Corp, Box 58065, Santa 
Clara, CA 95052. Phone (800) 874- 
6835. Circle No. 363 


Fortran For FlexOS 386 


@ Provides extensions to the For- 
tran-77 standard 
@ Generates protected-mode code 
for the 80386 processor 
Lahey F77L-386 for FlexOS is a 
complete implementation of the 
ANSI X8.9-1978 Fortran-77 stan- 
dard, but it also provides some ex- 
tensions that increase the utility of 
the language under FlexOS 386. 
The compiler generates protected- 
mode code for the 80386 wP, allows 
programs to address as many as 4G 
bytes of memory, and permits inter- 
process communication by means of 
pipes. In addition, the compiler can 


generate output in Unix COFF 
(Common Object File Format) files 
and provide extensive error report- 
ing. Because FlexOS 386 is compat- 
ible with MS-DOS 3.3 media and 
allows you to run DOS 3.3 in a sepa- 
rate partition of memory, you'll be 
able to continue using your MS/PC- 
DOS applications. $977. 
TransWare Enterprises Inc, 
5091 Durango Ct, San Jose, CA 
95118. Phone (408) 723-2102. 
Circle No. 364 


Debugger For OS/2 


@ Works with several high-level 
languages 
@ Allows both runtime and 
postmortem debugging 
MultiScope is a multilanguage de- 
bugger compatible with any lan- 
guage compiler that generates stan- 
dard CodeView OS/2 debugging in- 
formation. Such languages cur- 


rently include the vendor’s Modula 
OS/2, Microsoft C, and IBM C/2. 
The debugger can work in either 
the OS/2 text mode or in the Pres- 
entation Manager mode. It allows 
both runtime and postmortem de- 
bugging and can debug threads, dy- 
namic-link libraries, and child proc- 
esses. The postmortem debugging 
feature can capture the program- 
execution state of an application 
that was running outside the debug- 
ger at the time of a crash; you can 
examine the resulting dump to find 
the state of the program when it 
crashed. MultiScope provides as 
many as 13 program views simulta- 
neously, as well as graphical data- 
structure display. The user inter- 
face features pop-up menus and sin- 
gle-key commands. $299. 

Logitech Inc, 6505 Kaiser Dr, 
Fremont, CA 94555. Phone (415) 
795-8500. FAX 415-792-8901. 

Circle No. 365 


Y SPENDING 


© 1989 Comdisco Systems, Inc. 


I5 MINUTES WITH US. 


test as many alternatives as you wish — quickly, easily, 
painlessly. 
Don’t waste a minute more. Arrange for a video 


cOMDUCO 


919 East Hillsdale Blvd., Foster City, CA 94404 


Our SPW™demonstration video can quickly show 
you how the Signal Processing WorkSystem™ from 
Comdisco Systems is the only comprehensive, inte- 
grated software that lets you graphically and interac- 
tively design, simulate and test digital signal processing 
and communications systems. 

From single-chip designs all the way to complete 
systems, SPW automates the design cycle and lets you 
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NEW PRODUCTS 


TEST & MEASUREMENT INSTRUMENTS 


Industrial PC For 
Data Acquisition 


® Contains cage for signal-condi- 
tioning cards 

@ Offers many mounting and cus- 
tomization options 

The VIPc is an 80286-based com- 

puter packaged for industrial data 

acquisition. The small mother 

board, which contains one 8-bit and 


@ Buried and micro vias 
@ Fine line and analog routing 


@ Orthogonal-maze, memory and power/ground routers 


@ Full Gerber artwork generation . . . and more! 


Call today for your local Authorized CAD Software Dealer and a NO-COST 
Evaluation Package. Most major credit cards accepted. 


30 DAY MONEY BACK GUARANTEE 


0 Ba “iste Gach. 6 Inside MA 

Littleton, MA 01460 Outside MA: 
CIRCLE NO 13 

252 


CAD Software, Inc., developers of 
the world’s best-selling Printed 
Circuit Board design software, is 
now offering PADS-PCB, PADS- 
AUTOROUTE, and PADS-PLOT 
as a bundled package, called 
PADS-PAK. Priced at $1,495.00, 
the system offers a savings of 
over 25%. 


@ 250 IC design capability 
@ Automatic gate and pin swap 
- _ © Group move, copy and rotate 
© Complete design rule checking 
@ SMT design with predefined via arrays 


three 16-bit expansion slots, can ac- 
commodate 4M bytes of RAM. 
Within the unit is space for a cage 
that can hold as many as 10 signal- 
conditioning boards packaged as 
3U-size Eurocards. For security, 
and to keep out foreign material, 
the optional floppy-disk drive is 
concealed behind a hinged cover. 
The unit mounts on a benchtop or 
in a standard 19-in. equipment rack. 
You can also surface mount it with 
the 19-in. dimension positioned ver- 
tically or attach a carrying handle. 
For customization, you can use the 
space available on flat, removable 
plates to add connectors of your 
choice and such items as a small flat- 
panel display. You can plug data- 
acquisition boards called “carriers” 
into the PC bus slots and you can 
plug additional modules onto these 


carriers. From $3995. 

Burr-Brown Corp, 1141 W Grant 
Rd, MS 1381, Tucson, AZ 85705. 
Phone (602) 746-1111. FAX 602- 
623-8965. Circle No. 373 


PC-Based 
Logic Analyzers 


® Accept 32 inputs 
® Capture 4-channel timing data 
at 100 MHz 

The ID161 is a logic analyzer on a 
single PC bus card. You can config- 
ure it with 32 inputs and use it as 
a state analyzer for 8-bit uwPs. When 
you operate it in multiplexed mode 
with four channels, it can acquire 
timing data at 100 MHz. The ID160 
is a similar unit but has a top speed 
of 50 MHz. Complex trigger capa- 
bilities facilitate using the boards 
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SCSI 


Analyzer/ 
Emulator 


> POWERFUL 
> EASY TO USE 
> AFFORDABLE 


Features: 

» 50 ns Time Stamp 

= Sync and Async Tracing 

» 32K Event Trace Memory 

« Initiator and Target Emulation 

= Custom Routines Programmable In C 
# Easily Readable “SCSI English’ Display 


> Display trace memory 3 structured format] 
Enter starting addr(Hex): 


0001: Arbitration + 
0003: Select w.ATN 


Message- ut /COl Identify) 
Command eee 00 0 
Data-In /00 7 01 01 
43 70 33 34 
2D 30 34 20 

Status /00 

003C: Message-In /00 

003D: Bus free 

003F : Arbitration w.ATN /80 

ey Select w.ATN /CO 
Message-Out/C0( Identify) 

ont: Command /08(Read) 00 00 10 01 00 
eee: In [arbi iconnect! 


pebienantn /40 
Reselect /CO 
i= ” bel ga 
00 00 00 12 34 56 79 12 34 56 7A 12 34 56 7B 
12 34 56 7C 12 34 56 7D 12 34 56 7E 12 34 56 7F 


> Display trace memory 4 BINARY format] 
Enter starting addr(Hex): 


Nis BSY = ATN RST MSG I/0 c/o DATA fibciad Exp Time Diff (ns) 
: : 00 


POONMoooOoCOoCoCOoOocoooooooo Oo 
oDO-CCOO,PO-—-CSOCCCCCCOCSo ~ 


431 350 


@ [415] 363-0667 


CORPO RATION 


1755 E. Bayshore Road, 18A 
Redwood City, CA 94063 
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as debugging tools. Among those 
capabilities are multilevel trigger- 
ing, pass counting, event timing, 
event counting, and selective data 
capture. The software that accom- 
panies the units lets you write test 
programs in a simple language and 
analyze software performance by 
constructing histograms. ID161, 
$895; ID160, $695. 

Innotec Design Inc, 4878 Em- 
bassy Circle, La Palma, CA 90623. 
Phone (714) 527-8540. FAX 714- 
527-1812. Circle No. 374 


Thermal-Array Recorder 


@ Can record 24-channel data 

© Provides 35-kHz bandurdth 

The TA4000 recorder uses one sta- 
tionary thermal array to reproduce 
as many as 24 channels of analog 
data on 15-in.-wide paper. Any 
trace can occupy a portion of the 
chart or the full chart width. Be- 
cause the unit uses a single print 
head, full-width traces do not have 
gaps running down the chart as do 
those reproduced by recorders that 
use multiple arrays. The recorder 
displays signals with 10-kHz band- 
width in real time and, by storing 
128,000,000 data samples/channel, 
allows capture and subsequent dis- 
play of 35-kHz data. There is no 
parallax because the unit prints 
grids along with the data. From 
$14,300 (for an 8-channel system 
with nine event markers and anno- 
tation capability). Delivery, four to 
six weeks ARO. 

Gould Inc, 3631 Perkins Ave, 
Cleveland, OH 44114. Phone (800) 
321-3029; in OH, (216) 361-3315. 
FAX 216-881-4256. Circle No. 375 


Y Check List for Selecting a 


Data Acquisition 
System 


Are you looking for 


1 to 32 Channels per rack unit 
Plug-in Digitizers up to 200 Msps 
Memory to 512k pts / Channel 
Eight- to Sixteen-bit Digitizers 
MS-DOS Floppy & Hard Disk 


Call Hi- Techniques 


Pre - and Post - Trigger Viewing 
Complex Trigger Arrangements 
On-screen Trigger Parameters 


Call Hi- Techniques 


Internal Processing 

Keyboard Data Manipulation 
Complete Computer Control from 
IEEE-488 (GPIB) & RS232 


Call Hi- Techniques 


Live Displays and Readouts 

Cursors - Absolute & Delta readouts 
User units for transducers & probes 
User-selectable labels for channels 


Call Hi- Techniques 


Internal registers for stored results 
Printer/Plotter connections 

Hi-Res plots with user comments 
Applications Programming Support 
Immediate Service Help via Toll 
Free Number 

On-site Training 


1-800-248-1633 


Call TOLL FREE today 


Hi- (€€(niques 


152 Owen Road, Madison WI 53716 
In Wisc: 608-221-7500 
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TEST & MEASUREMENT INSTRUMENTS 


50/100-MHz, 240-Channel 
State/Timing Analyzer 


@ Uses keyboard for command 
entry 
© Includes two 3'-in. floppy-disk 
drives 

The 5500, a logic analyzer intended 
to meet the needs of most users, 
can include from 48 to 240 channels 
that perform state or timing analy- 
sis at 50 MHz. The 50-MHz state- 
analysis capability is more than ade- 
quate for the fastest 32-bit proces- 
sors currently available. Through 
multiplexing, which halves the 
number of channels, the instrument 
can perform timing analysis to 100 
MHz. The self-contained unit in- 
cludes a command-entry keyboard, 
whose layout is similar to that of 
an IBM PC keyboard, and a pair 
of 3’4-in. floppy-disk drives. You 
can store setup information as well 
as data on disk. The unit stores 12k 
samples/channel at 100 MHz, cap- 


tures 4-nsec glitches, and time- 
stamps unrelated samples with 10- 
nsec resolution. The triggering has 
14 decision levels. $16,500 with 48 
channels. 

Marconi Instruments Inc, 7570 
E Redfield Rd, Scottsdale, AZ 
85260. Phone (800) 223-4143; in AZ, 
(602) 998-9294. FAX 602-998-9112. 
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State/Timing Analyzer 
That Samples To 2 GHz 


© Accepts as many as 256 inputs 
® Can include IBM PC/AT-com- 
patible computer 

You can purchase logic analyzers in 
the KLA/2 family with and without 
an integral IBM PC/AT-compatible 
computer. The modular system al- 
lows you to choose input modules 
with varying speeds and channel ca- 
pacities. The portable system can 
house four modules; the tower and 


rack-mountable configurations each 
can house six modules. The general- 
purpose GPDA module has 96 chan- 
nels usable for state or timing 
analysis at 100 MHz. By multiplex- 
ing, the speed increases to 200 
MHz, though the channel capacity 
is halved. You can equip the GPDA 
with 4k or 16k bits of memory per 
channel. As a timing analyzer, the 
GPDA uses transitional timing to 
increase its effective memory 
depth. The VHSTA (very-high- 
speed timing analyzer) module al- 
lows 1-GHz data acquisition on 16 
channels or 2-GHz acquisition on 
eight channels. Mainframes, 
$14,995; modules, $15,995. Deliv- 
ery, 10 weeks ARO. 

Kontron Electronics Inc, 630 
Clyde Ave, Mountain View, CA 
94039. Phone (800) 227-8834; in CA, 
(415) 965-7020. FAX 415-965-3505. 
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EVGA-CIC86100S 
e Supports 


— HGA Mode 

— AT & T Model 6300 Mode (640x400) 
— 640x480 GFX Mode (256 colors) 

— 800x600 GFX Mode (16 colors) 

— 1024x768 Resolution (16 colors) 


E, FRHS, MIKKELSEN A.S. 
Tlx: 37350 EFM DK 
Fax: 45-2-988140 


FINLAND BEBEK 


Tel:. 852-3-432868 
Fax: 852-3-439194 


SYSCOM ELECTRONIQUE 
Tlx: SYSELEC 262566F 
Fax: 31-1-43 77 53 29 


Tlx: 341177 
Fax: 972-3-9344235 
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VECTOR ELEKTRONIC CO. 


IRELAND 
LAHDEN ELECTRONICS & 
COMPUTERS OY: aed cde ta 
Tel: 358-18-514066 Fax: 353-1-552789 
Tix: 16269 BEBEK SF 
FRANCE 


ISRAEL 
BORAN TECHNOLOGIES LTD. 


Al ERso 


KOREA 

SHIN-A TRADING CO. 
Tlx: K29120 SHINAS 

Fax: 62-2-5442564 


SPAIN VEKA 
VECTOR ESPANA S.A. 
Tlx: (052)49331 VECT E 


Fax: 34-1-2471667 TURKEY 
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ERSO EVGA MATCHES 
RESOLUTION 


¢ 100% Hardware Compatible with IBM VGA Chip 


8/F, No. 315, Song-Chiang Rd., Taipei, 10477, Taiwan, R.O.C. 
Fax: 886-2-5028795 Telex: 12974 ERSOITRI Tel: (02)502-8212 


— 100 Pins QFT 
WORLDWIDE DISTRIBUTORS UK 

ARGENTINA HONG KONG ITALY SWEDEN ets RONIC LIMITED 

CIKA S. R. L. LINPO INTERNATIONAL LTD. PAN ELEKTRON S.R.L. BEXAB TECHNOLOGY AB 337000 

Tel: 54-1-518108 Thx: 852-3-7558350 COMPONENTI ELETIRONICI Tix: 13888 BEXTE ax: 44-21-7332457 

Fax: 54-1-112691 Fax: 852-3-7957199 Tx: (043)325074 PANELKI Fax: 46-8-7327058 SA. 

DENMARK Fax: 39-2-4390134 SWITZERLAND (N. CALIFORNIA & N. NEVADA) 


EGLI, FISCHER & CO., LTD. 
Tlx: 815535 EFZ CH 
Fax: 41-2012275 


THE NETHE 
NOB 


° 


Tx: 51804 VEKNO NL 
Fax: 31-40-810265 


ELEKTROL. SANAYI VE 
TICARET KOLL STI. 
Tix: 29569 ELTS TR 

Fax: 90-1-3368814 


COSTAR INCORPORATED 
Tx: 1-408-4469339 
Fax: 1-408-4464885 


WEST GERMANY 

NOVA ELEKTRONIK GMBH 
Tlx: 8881867 NEVG D 

Fax: 49-2234-83712 


HERIBERT LEHNER 
OPTO UND SPEZIAL 
ELEKTRONIK GMBH 
Tx: 04-2180146 

Fax: 49-419-24031 


RLANDS 
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 IGROTEK offers a complete 
line of MICE (Micro- In-Cireuit- 
Emulator) for most popular 8, 


: 16 Sol 32-bit microprocessors. These 
2 series of MICE are capable of | 


debugging ‘high speed targets ae . 
accumulating wait state, e.g. 25 MHz for " 
68020, 16 MHz for 68000/80C186. 
- - Protected Mode in 80386, coprocessor 


emulation in 16/32 bit series and 
bus/execution breakpoints in all series, are 
few examples of MICE powerful emulation 


features designed to meet advanced 


- : development. needs. 


_ 5 oA TRIA ALLMOS ELECTRONIC (222)6271954 « BELGIUM SIMAC ELECTRONICS BV. ()2523690 » DENMARK SC METRIC A/S (2)804200 * ENGLAND ARS) 


| ceialapelianiad 

| ccapaepesbansicl 

RS ITE 

Lesimeigcebcaee 
eae emcee 
Seen Garnet 
Rpacerses ex esaomN 
SE RERE 84 SRST 
Sem AREER FD 
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t: 
aT 


All MICE s series could work well with IBM 


PC/XT/AT®, IBM PS/2*, VAX®, sVAX®, 


in* and NEC* 98 series. Cross _ 
T mpiler, symbolic debugger and 
high level language debugger are also 
available to offer optimized software tool 


supports to an advanced development — 


environment. 
MICE SERIES AVAILABLE MODELS 


— 
- manatee 


MICROTEK INTERNATIONAL INC. 
_ HEADQUARTERS 


‘Tel: 886-35-772155 Fax: oo — 
_ Telex: 32169 MICROTEK - _ 
U.S.A. OFFICE 


Tel: (213)321-2121 (219)598-1193 | 
Telex: 797880 MICRO 


EUROPE OFFICE 


Tel: 49(211)556181 Fax: 49-211-572962 
Telex: 8584020 


MICROSYSTEMS (276)685005 + FINLAND OY COMDAX AB (0)670277_ * FRANCE M.T.E. (139618228 * ITALY PRATICA SRL (11)503427_ » NETHERLANDS SIMA 


ELECTRONICS. B.V. (40)582911  * NORWAY MORGENSTIERNE & co AJS (2)358110 
AB (6)7349935 ¢ SWITZERLAND TRACO ELECTRONIC AG (1)2010711 


IONG KONG IDEALAND ELEC. (3)7443516 


| EMENT (011)7883710. 


| Regret Trademarks: oxman, PS. im . tional Business a 18: VAX, bist Corporation; oy me oo a Ce wc Corporation, 
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. * INDONESIA PT. ASCII (21)6002305 

° KOREA DAESANG INC. (2)7196438 ¢ NEW ZEALAND NORTHROP INSTRUMENTS (4)856658__ 
OMPUTRONICS 7468182 ¢ THAILAND ANA-DIGIT COMPANY (2)2217040 
(1469518 BRAZIL DIGIBYTE SISTEMAS DIGITAIS (1 teatsent 
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* SPAIN NOVATRONIC, S.A. (4)4520811 ° SWEDEN NORDISK ARRAYTEKN 
_e W. GERMANY ALLMOS ELECTRONIC (89)8570000 _* AUSTRALIA MACRO DYNAMICS (3)72023 
e ISRAEL ARITMOR (3)5447475 +=» JAPAN CORE DIGITAL CORP. (3)7955171_ 
* PAKISTAN EAST WEST SYSTEMS (21)529827  * SINGAPORE PE 
e THAILAND SANYA PHANICH (2)2225223e ARGENTINA MICROTEC INGEN 
© CHILE EQUIPOS INDUSTRIALES s. A. C. I Sie - SOUTH AFRICA PROTEA TEST & 


Varta’s new VR rechargeables 
permit improved charging rates: 
both trickle and overcharge. This pro- 
vides new benefits: the opportunity to 
reduce costs by simplifying circuitry, 
and enhanced overcharge protection. 
Cost reduction of circuitry: Until now, 
typical NiCd button-cell charging circuits have had 
two steps...charge at 0.1 CA (14-16 hours) and trickle 
charge at 0.01 CA (100 hours) while delivering a 5-to- 
6 year life. The new VR’s can be used in this two-step 
circuitry. However, you can simplify your charging 
circuitry to one step, and reduce costs accordingly, by 
designing to both charge and trickle charge at .05 CA 
Conly 25 hours from full discharge to full charge). The 
VR’s will still provide 5-to-6 year life. 


VARTA 


7 6 


VARTA Memapag) S 
2.4V¥ 188 mAb _ 
save vez mz + 


, FBV 10 mAb 
‘S52 W100 300 46 


improved overcharge protection. 
To handle user abuse or unusual con- 
ditions, the new VR’s can be charged 
periodically at up to 0.2 CA (7-hour 
rate), while providing a useful life of up 
to sixyears. They can even be overcharged 
at 0.2 CA (room temp.) for one whole year. 
VR cells are dimensionally the same size as the 
DK cells they replace. Initial capacities (mAh) eng 
phased in are 60, 100, 170 and 280 (re- | 
placing the 950). Available in a wide 
variety of Varta battery packs and con- 
nections. For this literature on the VR 
series or for information on all Varta 
batteries, please call 1-800-431-2504, 
Ext. 2960. Or write to Varta below. 


| Why dont you coutve your 


perchance protectior 


VARTA Batteries, Inc., 300 Executive Bivd., Elmsford, NY 10523, USA, Tel. 1-800-431-2504, Ext. 260 
VARTA Batterie AG, Am Leineufer 51, D-3000 Hannover 21, West Germany, Tel. (49) 0511/79031 
VARTA Batteries Pte Ltd., 1646 Bedok North P.O. Box 55, Singapore 9146, Tel. (65) 241-2633 
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“This advertising is for new and current products, 


Please circle Reader Service number _ 
“for additional information from manufacturers. 


: eee 
M feta Assembler 


My UL 
FIRST | 


Table pied. absolute macro cross-assembler PAL. tt 1 MBIT STATIC RAMS 
oe the manufacturer’ Ss assembly mnemonics. GN toi. oF - 
: . S-DOS assembler disk DESI - = 
_ Primary e Standard 32-Pin DIP - 
PAL | |. || week oe 1 20NS ¢ access 
Designers | | e Commercial, Industrial, and Military graces 


TT e Full MI L- -STD- -883C ‘Compliance _ 


te Approved. source to Standardized Militar a ee 
vos 5902" oe a a a 1989 | 


FREE! Logical's 40-pg. booklet is — 
not intended to be a manual, but 
rather a guide through the basics--to 
help break the ice when you start | | 
your first PAL design. Easy to read. 
diagrams make this a must for first- 
timers. For your free copy, ask for 


Sharon. LOGICAL 
Canada E2L 4R6 | LOGIC aL 
nee : (506)847-0681 305-974-0967 CES, INC 
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_ Gener SS = 
‘Intel, or NV — “NOVA MICROELECTRONICS 
Se oe 2220 Martin Avenue © 


Santa Clara, CA” ‘95050 - 


Linge} 


‘Free worldwide airmail ‘& handling. 


c heck, PO: ussi9 od MCIVISA: CNS249 


fe information call: - || 
Customer Service (408) 980-0750 ee 
Fax (408) 960- 1805 


/ ~ Universal Cross-Assemblers 
- POB 6158, Saint John, NB 


renee 95 MHz LOGIC ANALYZER. [at og . ee | EXPRO-40 PC-Based — 
CRS | - Universal D Device ¢ Programme 


~LEXAN’ LENSES) 
Lenses for display and two-way 
communications equipment. 


ADVANTAGES: 
° Die cut instead of injection molded or machined, 


PO-ADAPTER — 


results in cost savings S 2 | oe 2 / ee 
. - cite ioe eee - ula ee Se = connie AVAILABLE FOR 
, a SE we e Protective th sides prevents particulate es : Se 
Ss oe es aes oo | | POPULAR DEVICE PROGRAMMING — 
$1 595. -* P OD PRICE s e Tolerances - can be held to +.005"” : EPROM: NMOS or CMOS — EEPROM: 2816, 17A, 64,A, | 


BPROM: From 32x 8 to 4096 x 8 Bipolar PROM MMI, | 
Signetics, Tl, AMD, Motorola, Harris, Cypress — MPU 87 
8748, 48H, 49H, 41A, 42H, 41AH, 42AH, 48AH, ‘49AH © 
MPU 8751:8751/H, 52/H, 44/H, 51BH, 52BH,C51,C252 
| PAL, EPLD, GAL, CMOS PAL: MMI, NS, TI, AMD, Cypre 

| Lattice, 16R8, 20V8, 20L10, 22V10, 22G10, 16V8, 20V8. 
Software update possible for new devices. 


ue 


e Thickness - up to .040” 
FINISHES: 
e Hardcoat one or two sides - non glare 
¢ Screen or tampo printed 
_ © Selective placement of adhesive 
Colors available - clear, white, red or black 

These materials are currently being used on cellular phones, 
display screens, beepers, lap top computers, telephones, etc. 


the hirol company Songitech International, 


1170 West McNab Road, Ft. Lauderdale, FL 33309 = issdJJ| sd] CS 44061 So. Grimmer Bivd., Fremont, CA 94538 
305-974-4900 1-800-327-2362 Fax 305-975- oe | | Tel: all 770-9051 a _Fax: (418) 7 770-9060 


®Registered trademark of General Electric “Trademark of Tekra Corp. 


as - Chnnis @25MHz x 4K word deep/12 Chnnis @100MHz Z 
m 16 Trigger words/16 Level Trigger Sequence : 
Storage and recall of traces/setups to disk 


| Disassemblers available for: 68000, 8088, 8086, 80286, 
6801, 6811, 280, 8085, 6502, 6809, 6303, 8031 


NCI C6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 


(208) 837-6667 a 
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| @programs 
_ | PAL,EPLD, 
| GAL,PEEL,FPL, 
BIPOLAR, 
8748/51 SERIES. 


S $ 545 Complete. (u.s.only) 


-programs E(E)PROMs upto 2MBits and 16 Bit wide. 
-16Bit- and 32Bit- WORD SPLIT & 4-GANG adaptor. 
-programs PALs (22V10) from AMD,MML,TI,NS SAMSUNG. 
_ | -supports PALASM2/CUPL/ABEL/ORCAD JEDEC files. 
_ | -supports VERIFICATION using TEST VECTORs. 
| ‘| -programs GALs & FPLs from LATTICE,SGS,NS »SSIGNETICS. 
_ | -supports RALs in GAL (16V8,20V8) devices. 
-programs EPLDs from INTEL,ALTERA,ATMEL,CYPRESS. 
-programs PEELs from ICT, HYUNDAI ,GOULD(253, 273). 
-programs BIPOLAR PROMs. 
-programs SINGLECHIPs 8748,8751,87C51 SERIES including 
| -87C451,87C751,63701X/Y/V, 63705V with adaptors. 
| -tests ICs (TTL,CMOS) & MEMORYs (upto IMB) 
_ | -with USER-DEFINABLE TEST PATTERN GENERATION. 
Las -Speed,Parallel Interface & S/W Upgradable for New Parts. 


= XELTEK 1-800-541-1975 (Toll Free Order) 
_ | 473 SAPENA CT. #26 TEL: (408) 727-6995 

_} SANTA CLARA, FAX: (408) 727-6996 
CA 95054 COD, VISA,MC,AMEX 
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mmer 


$395” 


progrg 


‘On Zs 2 


8 Stand-alone 
22 or computer- 
controlled 


 @ User-friendly software — 
for interactive or 
~ command-line programming 


e Includes serial cable, power 
_ supply, programming software, and © 
__ instruction manual on disk — 


_ @ Optional adapters for 87C752 DIP and 
= 43 Be 


Lo me Microcom Design, Inc. 
2 ™ Timonium, MD 21093 

TEL: 301.561.4811 FAX: 301.561.4815 | 
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COMPUTER AIDED 
PCB DESIGN 


ULTIOnii 


Real-Time Design Rule Check 
@ Trace Shove and Reroute-WhileMove — ™ Full SMT support 

@ Autoroute by window, component or net Ml Powerful placement tools 

M 32 layer support blind & buried vias @ Backannotation; pin/gate swap 


Extended memory versions with unlimited design size and 32 bit performance are available - 
USA/Canada: ULTimate Technology Corp. _® Tel: (408) 4398944 @ Fax: 439-8966 
UK/Ireland: ULTimate Technology (UK) Ltd. @ Tel: (0734) 812030 @ Fax: 815323 
Germany: ULTimate Technology © Tel: 07031 876028 —@ Fax: 85915 
Int. Headquarters: ULTimate Technology B.V. @ Tel: (+31)2159 - 44424 @ Fax: 43345 


ULTIMATE ASK FOR YOUR FREE DEMO DISK 
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smARTWORK® PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
boards with snARTWORK and your IBM PC. The program’s 
features include continual design-rule checking, automatic 
pad shaving, a silkscreen, and text for all three layers. 
SMARTWORK with autorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac- 
cepted. Write or call 


Wintek Corporation 
1801 South Street, Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 
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2 parallel, 
2 serial, 1 board 


Qua Tech DSDP-402 for PC-AT 
has two parallel ports, and two 
serial ports for any combination 
of RS-232, 422, and 485 com- 
munication. All ports address 
selectable. Interrupts sharable 
and selectable. 


For order info, call: 


1-800-553-1170 


G3 GUA TECH 


QUA TECH, INC. 
478 E. Exchange Street 
Akron, OH 44304 
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software 
Development 
Tools... 


NEW RELEASE 


MICRO/C-51 C Compiler V1.5 
Now with Improved Code Generation. 


MICRO/SLD-51 Source Debugger V1.3 
Now with CMOS Support. 


* Call today for a FREE technical bulletin + 
(MCC) MICRO COMPUTER CONTROL 


P.O. Box 275 — Hopewell, NJ 08525 USA 
Tel (609) 466-1751 Fax (609) 466-4116 
Telex 9102404881 MICRO UQ > 
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To advertise in Product Mart, call Joanne Dori. 912/463- 6415 


PLCC Package Adapter Clips 


®@ QuadClip™ turns your surface-mounted PLCC package 
into an accessible, pin-grid package for easy emulation. 

@ Makes it possible to test chips on production boards 
without un-soldering your PLCC packages. 

© Can be attached to packages with up to 84 pins, including 
the 68000 series chips and 8031-51 chip. 

® Custom orders get immediate attention and quick turn- 
around. For a free catalog, contact: 


Emulation Technology, Inc. 
2344-F Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
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Combine Your 
Prod uct Ma a 


In EDN's Magazine : 
and | 
News Editions for | 
higher impact and | a - 
lower rate. oo 


CIRCLENO 336 
E/EPROM PROGRAMMER. 
$895 


_ Lifetime FREE 
software updates 
(Ist in the industry) 


@ EP-II40 includes: sollware, cable, wae $ manual, 
FREE software updates (via BBS), toll-free techni- | __ 
cal support, one-year warranty &an uncondition- = 
al thirty-day money back guarantee _ | 

@ Programs 24-, 28-, 32- & A0-pin E/ EPROMs 4 

@ Supports 874X & 87 5X series microcontrollers ae 

™@ Connects toa standard parallelport $= | | 

@ Currently supports partsto4 Megabit _ 

@ 32-pin model, EP-1132, coke for $695 — 


The Engineer's Programmer™ _ ° 
CALL TODAY 800-225-2102, 


BP MICROSYSTEMS 
713/461-9430 FAX 713/461-7413 pt 
10681 Haddington, #190, Heuston, TX 77043 8 
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T-1600 
GANG/SET 
PROGRAMMER 


Professional 


8086 ROM Development 


with C_thru_-ROM and ROM-DOS 


C_thru_ROM works with Microsoft C 
or Turbo-C to comprise a complete ROM 
development package: comprehensive de- 
bugger, remote debugging, startup code, 
full 80x86 locator, ROMable library, etc. 


C_thru_ROM, $495 


ROM-DOS, a ROMable operating sys- 
tem, provides functionality of DOS 3.2 
less networking. Runs PC programs and 
EXE files. Supports AUTOEXEC and 
CONFIG.SYS. Uses only 29K ROM and 
little as 6K RAM. $6 each in quantity. 


ROM-DOS Developer's Kit, $495 


§051 Emulator - $1250 


d7ICE is a low cost, Full Speed, real time 8051 
Emulator.. Powerful user interface for Hi-level 
multi-window source code debugging. Uses 
IBM-PC COM1/2. No Slots! Portable, fits in 
shirt pocket. Assembler and test bed included. 


m PROGRAM 16 AT ONCE—SAME OR SET 
@ 24, 28 OR 32 PIN EPROM’S 

m STAND ALONE AND MS-DOS DRIVEN 

m@ INTELLIGENT DEVICE SELECTION 

@ SIMPLE OPERATION 

m QUICK FLIP LCC AND SMT ADAPTERS 


AMERICAS BEST PROGRAMMERS 


meas MA a a SDAA RAE AS AE LH BANTER A AOTC 
(iar es ee naman 
Niet tl assemesansanceenennanmsnimainaninsdasasatsnasisnamaasnnannemmncninmnananatiassil 


Cybernetic Micro Systems 


Box 3000 e San Gregorio, CA 94074 
(415) 726-3000 e Telex: 910-350-5842 


Call for info and demo disk 


1-800-221-6630 
Datalight, 17505 - 68th Ave NE, Bothell WA, 9801 1 
(206) 486-8086, fax (206) 486-0253 
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SUNRISE ELECTRONICS. INC. 
524 South Vermont Avenue, Glendora, California 91740 
(818) 914-1926 
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'135H 
Universal Device Multiprogrammer™ 


DATA I/O 288* Performance 
For Only $1495.” 


—Watson Industries Inc. “Watson Industries Inc. 


Other Products 
Fluxgate Magnetometers 
Attitude and Heading Reference 
Systems 
Inclinometers 
Heading Autopilots 
Ruggedized Angular Rate 
Sensors 
Angular Rate Sensors 


Angular Rate Sensor 


Model ARS-C131-1A 


e In Stock ¢ Economical ¢ Solid State 
e High Relative Accuracy « Less than 
10°/sec offset over the operating range 


i 
100% USA 
256K Bytes expandable to 4 Megabytes. Made 


Option Support for Bipolar & PLDs. 

8 32-pin Sockets for GANG/SET Programming. 
Programs EPROMs & EEPROMs to 2048K. 

GANG Options for 40-pin MICROs & 40-pin EPROMs !! 
Stand-alone or Remote Control. 

Parallel Port for Fast Up/Down Load. 

12 Month Warranty & 12 Month FREE Device Updates. 


Call Toll Free 1-800-523-1565 
In Florida: (407) 993-3520 « Fax: (407) 994-3615 
* DATA I/O is a registered trademark of DATA /O Corporation 
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THE FIRST 
LOW-COST, ALL-CM0S 
PROGRAMMER. ~~ 


Watson Industries, Inc. 
3041 Melby Road 

Eau Claire, WI 54703 

Phone (715) 839-0628 

Fax (715) 839-8248 


Watson Industries, Inc. 
3041 Melby Road 

Eau Claire, WI 54703 

Phone (715) 839-0628 

Fax (715) 839-8248 
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introducing New Low Power 
: Voltage Detectors. The S-807 Series. 


For under $2000 you get: 
m@ Popular CMOS > © AD converter 8 single ; 4 device; 

logic devices | o Batons t char Ei bit reschutions Oto + S10V Output Range 

© Digital I/O: 16 In/Out(TTLcompatible); External = Terminal Board incl. ' a Z 

m@ Popular mem SSS SS CJ Features high precision detection tolerances (+2.5%) 

ory devices E - 2 C Low power consumption (1.0nA typical) 

: 8 converter: 16 single ended inputs; Uses AD574; Conversion time less Oo Wide operating voltage range (1 .OV-15V) 
Bh than 25,sec; Built-in pr e rT : +10V, +5V, +1V. ; 

m High-speed “i Boat ceap pt agreed tones ory meas Cl Wide operating temperature ranges (—30°C to +80°C) 


data transfer ™ 


eee e Digital oe ae Programmable Counter/Timer (8254). 
m Easy memory card updates 


e DMA and interrupt capability. ity software and sampl 


The S-807 Series is perfect for applications 
including battery checkers, microprocessor 
resetting functions, pagers, car radios and 
more. For additional information contact: 
Seiko Instruments USA Inc 

Electronic Components Division 

2990 West Lomita Boulevard 


Programmable scan rate; Built-in Interrupt and DMA control circuitry. 
Conversion speed 60,000 smpls/sec (standard), 100,000 smpls/sec (optional). 
6 ut Ranges:Bipolar : + 10V, +5V, +2.5V, +1V, +0.5V; ty pee 10,5,2,1V 
© Digi Obi OuiCT TL compauble); Proprsmmable Counter Timer (8254) 
e i ; t atible); able Counter/Timer : 
e Software: Utility softwar for BASIC & QuickBASIC included. Sample prgm. 
pe. 


e 
Supported by LabDAS, ASSYST, LABTECH, UnkeSco 


Call today for a 
15-DAY FREE TRIAL. 


1-800-247-5700 


D/A ale 


Ext. 814 © Seng ine MOyS. Linearity = Vabii Voltage output drive capacity: =SmA. Torrance, California 90505 
Digital 1/O: 16 digital input and 16 digital outputs compatible). Phone: (21 3) 517-7770 
MC/VISA/ AMEX Call today for datasheets! Fax: (213) 51 7.7792 
DATA lA oO 7 B&C MICROSYSTEMS INC. 


Corporation 


FSI] Seiko Instruments Inc 
CIRCLE NO 346 CIRCLE NO 347 CIRCLE NO 348 
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355 West Olive ms] 


Sunnyvale, CA 94086 USA 
TEL: (408)730-5511 FAX: (408)730-5521 


ae 


+. 16-bit RTX 2000, Ans or embedded operation, dues. JUNIOR - A 25 
Sc/FOX PCS ; (Parallel Copesceisor System) 15 MIPS, 50 MIPS burst, Engineers _ 


: | Tango-PLD. The New 
Price/Performance Leader. 


260 


C for the 8051 
Compare: 


Benchmark Results —Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
expanded with I/O and interrupt handling. 


Archimedes 


High Power 71kHz Iccs1 MCC51_ FRANKLIN 
ots 2.20A v1.2 (C51 v2.1 
Power Amplifiers - 3 
Compilation time| 12 sec 
(Master/Slave System) acuta gaa Berge 
Model 220/230 Execution time | 11.45 sec 
° Highest freq. 71kHz Total code size | 5318 bytes 


Sieve module 736 


size 
Call now for your free DEMO disk. 


© FRANKLIN 


SOFTWARE, INC. 
888 Saratoga Ave. #2 « San Jose, CA 95129 


(408) 296-8051 ¢ FAX (408) 296-8061 
CIRCLE NO 350 


Fast and easy 
Data Acquisition 


zonaue ane 
File Tr 1} 

File Name: 107 dat 
Hill 107 


¢ Lowest noise...pure DC output 

e Performs like a linear amplifier 

¢ Master/slave design...power from 
1kW to 30kW at 150 volts 


¢ DC output eliminates RFI 
Copley 375 Elliot Street 
C controis Tel: 617-965-2410 
Corp. FAX: 617-965-7315 


Newton, MA 02164 
CIRCLE NO 349 


DATA SMOOTHED WITH 
mw LOW PASS FILTER 


File Name 


Hill 107 J V\ ~ wane 


UinkelScope 


Menu-driven software 
ogg for your aes 


SC/FOX™ High-Speed Embedded Systems Controllers 
— SC/FOX PCS32 (Parallel Coprocessor System32) 15 MIPS, 70 MIPS 


burst, general purpose PC/XT/AT/386 32-bit plug-in board, 64K-1M 
_ byte O-wait state memory, uses 32-bit SC32 RISC microprocessor. 


SC/FOX SBC (Single Board Computer) 18 MIPS, 60 MIPS burst, uses 


_ general purpose PC/XT/AT/386 plug-in board, 32K-1M byte 0-wait 
State static memory, multiple board operation, uses Harris RTX 2000. 


s ‘SC/FOX SCSI I/O is a plug-on PCS or SBC daughter board with SCSI, 
floppy, serial, and parallel ports, and driver software. : 


LEVEL 2+ - $549 
Data acquisition plus: experiment Sonwol, data analysis. 
The complete package. — 


FREE Demo Disk. Money-back guarantee I A 


Ideal for embedded real-time control, data acquisition, and signal 
ae a Forth development software included. OEM pricing. 


SILICON COMPOSERS INC (415) 322-8763 
Z 208 California Avenue, Palo Alto, CA 94306 


CIRCLE NO 752 > 


Unkel Software mn. 


62 Bridge St. Lexington, MA 02173 
CIRCLE NO 753 © 


Tango-Schematic Series II” 
It dels works better. 


We listened to your suggestions and built the best in PC-based 
schematic capture. More versatile than OrCAD™ More 
features than Schema.™ Easier to use than 
DASH.™ Thanks to our streamlined __ 
interface and integrated approach, 
Tango-Schematic makes creating 
complex schematics simple. 
Compare for yourself. 


‘Jango 


Tango-Schematic features SEDCO™ 
libraries, with over 5,000 parts guaranteed 
for accuracy, integrated component creation; true 
_ANSI/IEEE support; forward- and back-annotation; 
PostScript and DXF output; free tech support; and much more. 


It’s all there for just $495—guaranteed. 
FREE EVALUATION PACKAGE 
800 433-7801 619 554-1000 619 $54-1019 Fax 


ACCEL™ Technologies @ 6825 Flanders Drive @ San Diego, CA 92121 USA 
International prices may vary. Contact us for the distributor nearest you. 


CIRCLE NO 756 


(617) 861-0181 | 


_ Tango-PLD, a universal PLD design tool with sophisti- 
__ Cated features at an affordable price, creates 
complex designs with multiple PALs 
and GALs. Our top-down approach, 
emphasizing logic description first. anna 
and part selection second, along 
with a “C-like” design language, 
makes Tango-PLD easy to use. 


= Describe designs with Boolean equa- 
_ tions, truth tables, state machines, 
high-level C expressions, or existing JEDEC 
_ files. Simulation with test-vector coverage checking 
guarantees no surprises. Rich functionality, one year’s 
updates, free tech Support and BBS, plus our 30-day guaran- 
tee. All this for just $495. Call today. 


FREE EVALUATION PACKAGE 
800 433-7801 619 554-1000 619 554-1019 Fax 


ACCEL™ Technologies # 6825 Flanders Drive # San Diego, CA 92121 USA 
International prices may vary. Contact us for the distributor nearest you. 


CIRCLE NO 755 


from our selection of entry-level — 


ane 
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CONNECTION WITHOUT DETECTIO! 


INVISICON® Controlled Impedance 
Connectors preserve transmission 
signal quality in very high speed/high 
density digital applications. Low 
dielectric constant flex circuit has 
contacts on 10-25 mil pitch. Standard 
51-contact part available. Rogers 
Corp., One Tech. Dr., Rogers, CT 
06263 203/774-9605 


_CIRCLE NO 751_ 


Consistency 


to the power of | 
EDN Product Mar 


CIRCLE NO 7 754_ 


“Best Value” in PCB an | 


Tango™ sets the pace in PC-based circuit board design 
with an easy-to-use, pop-up menu interface and 
powerful features including 1 mil resolution, — 
full SMT support, DRC, Gerber and 
PostScript™ output, fast high- 
completion autorouter, and pho- 
toplot previewing. Configure 

your personal PCB design station _ 


and ak tools, starting at 
juts 


See for yourself why engineers rated 
Tango the “Best Value” in PCB design at CAD 
Showdown ’89. Rich functionality, one year's 
updates, free tech support and BBS, ies our 30- sy 
guarantee. Call today. A 


_FREE EVALUATION PACKAGE _ 4 
800 433-7801 619 554- 1000 619 554- 1019 Fax . 


ACCEL™ Technologies # 6825 Flanders Drive @ San Diego, CA 92121 USA = 
International prices may vary. Contact us for the distributor nearest you. — 


CIRCLE NO 757 
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‘STD BUS COMPUTER — 


Redel Connectors | 
as DISK SUPPORT 


The 9500A integrates industrial control, | 
operator interface, communications and — 
disk storage functions on a single card. Also_ 


DIGITAL TEMPERATURE 


included is STD BASIC II™, a multitasking language 
which supports all hardware features. Hardware and 
software support for floppy and RAM/ROM disks in. 
eo TRANSDUCERS MS-DOS™ format. Ideal for complex data acquisition © 
+ CMOS/TTL COMPATIBLE and control systems. 


DIRECT A/D TEMPERATURE CONVERSION 

+ PLATINUM RTD TEMPERATURE SENSING 

-» TWO OR THREE WIRE TEMP. MONITORING 

« RANGE AS LARGE AS -100 TO +400 °C 

Relco Digital Temperature Transducers are a new class of 


640K on-card memory capacity 
Supports 16 RAM/ROM disks 

Supports 3.5" & 5.25" floppies f 
Opto-22 module rack interface , 


The Plastic Choice 
REDEL Features: 

e Quick Connect-Disconnect Design 

e Autoclaveable PSU Shell Material 


- sensing devices which eliminate the need foran A/D converter bie style eae oe Keypad & display ports 
and interface directly with digital circuitry. Operation is from a ° Color Coding and Keying Exclusivity 2 Butfered serial ports 
single supply of +12 to +24 VDC with accuracy and linearity of e Variety of Shell Styles and Configurations Real time clock support 
0.5 °C. Units can directly drive optocouplers for isloation or e 2-9 Solder or Printed Circuit Contacts ~20° to +65°C operating range 


e Precision Designed and Engineered 
e Cable Assemblies 


Sold and distributed by 
LEMO USA, INC. PO. Box 11488, Santa Rosa, CA 95406 
Phone (707) 578-8811, FAX 707/578-0869, Telex 340-933. 
800-444-LEMO (5366) Please call for the rep nearest you. 


CIRCLE NO 759 


8051/52 


in-Circuit Emulators 


fiber optic transmission. 


-RELCO PRODUCTS INC. 


5594 E. Jefferson Ave., Denver, CO 80237 
(303) 756-1143 
CIRCLE NO 758 


Modular 
I/O board 


CMOS/TTL compatible bus interface: 
Call 303—430—1500 for full line product catalog. 


OCTAGON SYSTEMS Wesminster CO 80030 


CORPORATION FAX: 303-426-8126 
CIRCLE NO 760 


NEED CIRCUIT | | 
PROTECTION? | | 
Ws Gad 


and other worldwide approvals 


Single-slot Qua Tech PXB-721 
for PC-AT has 72 digital I/O 

lines. Connect three choices of 
- data acquisition modules. 


a 
Epiovescd 


Supports Labtech Notebook! 
For order info, call: 


1-800-553-1170 
G2 QUA TECH 


— 


E-T-A has “THE RIGHT STUFF!” 
@ Commercial, Mil & Low Cost Types @ Magnetic _ 
or Thermal @ 0.05 to 400 A, 250V AC or 28V DC 
@ ON/OFF Switch/Breaker Combination e PC 
Board & Snap-in Mounts 


By 
CIRCUIT BREAKERS 


7400 North Croname Road, Chicago IL 60648 @ 312/647-8303 


« Source level debug for PL/M-51 and C-51 
» IBM-PC/XT/AT/386_ windowing _ interface 
with EGA 43-line, color, and mouse support 
. Complex Hardware real-time breakpoints 
. Hardware Trace Buffer with filtering control 
« Program performance analysis 
» 8level hardware sequencer, Pass Counters 
« NO PC PLUG-IN Boards 


SIGNUM SYSTEMS 


1820 14th St., Santa Monica, CA. 90404 
(213)450-6096 telex: 362439 
CIRCLE NO 762 


QUA TECH, INC. 
478 E. Exchange Street 
Akron, OH 44304 


Labtech Notebook is a trademark 
of Laboratories Technologies Corp. 


CIRCLE NO 761 


es E680 Universal 
IC Programmer 


re 
Programs PROMs, EPROMs, EEPROMs, 
— PALs, GALs, RALs, EPLDs and PEELs 
JE680 Features: 
¢ Stand-alone or computer controlled modes w/ 
MS-DOS menu-driven software (included) 
¢ Parallel and RS232C interface ports 
« Auto-Sense™ of IC insertion 
« Supports/translates between 18 data formats 
¢ Full functional test on logic devices — 
* Over 400 IC definitions in ROM - no personality 
modules needed 
- JEDEC standard supported, accepting input 
from virtually all major software packages 
* One-Year Warranty 
Listing of over 400 programmable devices 
and 74-page catalog available upon request! 


Tone detector ICs for all telecommunica- 
tions products. 5V, 3.58 MHz time base, tri- 
statable outputs. oS 


@ M-980 band pass detector from 340 Hz 
to 620 Hz. Ideal for detecting non- 
precise call progress tones. 8 pin. 


@ M-981 provides precise detection of 
350,400,440 and 480 Hz. 22 pin. © 


@ M-982 provides precise detection of 
350,440,480 and 620 Hz. 22 pin. 


For more info call: 1-800-426-3926 e 
(In Washington State: 206-827-9626) = 


-CELTCONE’ 


$0801-120th Avenue NE, Kirkland, WA 98033 


e Programs EE/EPROMs, PALs, GALs, IFLs, EPLDs, MICROs, BIPOLARs. 
© Software driven pin drivers. D/A generated poe eory voltages (8 bit DACs 
used to generate voltages from 5-25V with 0.1V resolution for all 40 pins) 
e Upgradeable for virtually any future programmable devices up to 40 pins. 
@ Self subsistent operation. No additional modules or plug-in adapters required. 
e Includes user friendly MEMORY BUFFER FULL SCREEN EDITOR. 
Commands include: Fill, Move, Insert, Delete, Search. ASCII or HEX entry. 
e Friendly Menu-Driven interface. Device selection by P/N and manufacturer. 
e Supports 8/16/32 bit data word formats. 
e Programming algorithm:Normal, Intelligent I&II, Quick Pulse Programming. 
e Verify operation performed at normal & worst case operating voltage 
e Functional test: JEDEC standard functional testing for logic devices. 
Logic functional test for 74xx/54xx series devices. 
e File formats accepted: JEDEC (full), JEDEC (kernal), Straight Hex, MOS 
Technology, Motorola Hex, Intel Hex, Tektronix Hex. 
e Customer support via voice line, fax & dedicated BBS. Full 1 year warranty. 
e Base price ($595) includes Interface card, cable, Memory device library and 1 
: ee free updates.Additional Device Libraries (Logic, Micros, Bipolars) $95ea. 
e Library updates can be received via floppy or Customer Support BBS. - 


MC / VISA/ AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


JE680 Universal IC Programmer sesso 1799.95 
Jameco Electronics » 1355 Shoreway Road, Belmont CA 94002 


[eres Oss. Sey SUN ogy rao seat - Phone (415) 592-8097 + FAX (415) 592-2503 
CIRCLE NO 764 CIRCLE NO 765 : CIRCLE NO 766 
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NEED A 
MICROCONTROLLER 
EXECUTIVE? 


‘ 
qe! aie 
% Byte-BOS” 


integrated Systems 


Multtasting Operating System 


for Microcontrollers | 
@ Event Synchronization 


Bug #440568 


DSP In Control 


AN 
Faulty Logic 


Find him quickly with the ease-of-use of the 
Logic Analysis System 


4k to 64k memory depth 

16 level triggering with pass counter 

40 to 320 channels 

A complete Logic Analyzer on a Card 
Interactive software under Microsoft™ Windows 
Source code in C for automatic testing 


701 River Street 
Troy, NY 12180 
(800) 367-5906 
(518) 274-0755 

FAX (518) 274-0764 


The Power-14 


« Low cost development tool for the 320C 14 

- Complete motion control system with amps 
« Software monitor for debugging your code 
¢ Motion control source code available 


30 day Free Trial 


Teknic Inc. 

214 Andrews St. 
Rochester, NY 14604 
(716) 546-3212 


@ Multitasking Executive 


| 
| 


@ Inter-Task Communication @ Interrupt Management 


® Timeouts @ Serial I/O 
(Supports on chip timer and serial port) | 


_Avalable fo 8096, 8051, and 68HC11 virocontolers | 


Facts about 
Quartz Crystals 425,000 
ICs and Semiconductors 


Oscillators 
2 T 2 -905-5340 87C51 SROGHAMMEE $125. 


Logical S bri for the Intel 87C51. 
e World’s Smallest The UPASTCS! prograne tile pencley a narener 


general purpose programmers that support the 2732A. With 
¢SMT & Thru-hole 


at Your Fingertips 


Cahners CAPS is the newest component 
search and selection tool for electronic 
design engineers: 


e PC-driven, CD-ROM-based 
e Includes unabridged 


the UPA87C51 so can program the 8751 and 87C51 security 
bits and the 87C51 encryption array. Logical Systems , help- 


ais oun growing be of aaeohere Chur manna nes: manufacturers’ datasheets 
¢ 10kHz—35 MHz eeraee PROGRAMS agra ——PRICE e Represents more than 400 
- UPA87C51 Sree’ 8751 Ieee 8744 125.00 z 
- Ceramic & Metal Pkgs ieee — lenses manufacturers worldwide 
ignetics 70451 (64 pin DIP) 125.00 . 
UPA63701X Hitachi HD63701X0 (64 pin shrink dip) Call toll-free: 1-800-245-6696 
« Free Catalog Yon parton topes sock ee c_A_H_N ERS 275 Washington Street 
UPAGS7OTY | Hitachi HDB3701Y0 (64 pin shrink dip) Newton, MA 02158-1630 
ee Pa ——— es 00 ~~ 
Micro Crystal Division/SMH CALL (315) 478-0722 or FAX (315) 475-8460 Computer Aided acsiMie: O1/-9O9- 
Product Selection _ Telex: 940573 


LOGICAL SYSTEMS CORPORATION 
P.O. Box 6184, Syracuse NY 13217-6184 USA , TLX 6715617 LOGS 


CIRCLE NO 771 


CIRCLE NO 770 CIRCLE NO 772 


EZ-WRITER 


(E)EPROM Multiprogrammer™ 
DATA I/O 212* Performance 


For Only $99 5 : 


100% USA 
Made 


DC Model 
Available 


_ © IBM PC, PS/2, Macintosh, HP, Sun, DEC 
* IEEE device drivers for DOS, UNIX, 
Lotus 1-2-3, VMS, XENIX & Macintosh 
* Menu or icon-driven acquisition software 
¢ IEEE analyzers, expanders, extenders, buffers 
* Analog I/O, digital I/O, RS-232, RS-422, SCSI, 


STEP MOTOR CONTROL 
27K steps/sec! 16 Million steps! 
New CY545. Rates up to 27K steps/sec, up to 


@ Supports — I > modem & Centronics converters to IEEE 488 
(E)EPROMs 16 million steps per single motion. Separately <— talog & Domo Diai 
upto 40-01 programmable start rate, accel/decel rate, and alaiog Sli 

_@ Sind disneci Ranols max rate. Pulse & direction output. External 4 9-409 

@ 40-pinMicrosOpt jog mode and limit switch detection. Serial or 

| @ SET/GANGA (EPR OMs Opt parallel interface, LED/LCD & Thumbwheel 
@ Parallel port for FastUp ae oo interface lines, and more. ASCII commands. 
@ 256K bytes, expandable to 16 megabits. Sup ports 64K external memory. CaS 4) - 


DIP. $75 each ($25/1000). Credit Cards OK. 


Cybernetic Micro Systems 
Box 3000, San Gregorio CA 94074 
" DATA I/O is a registered trademark of DATA /O Corporation (415)726-3000 Tix: 910-350-5842 


CIRCLE NO 773 CIRCLE NO 774 CIRCLE NO 775 
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1-800-523-1565 
In Florida (407) 994-3520 
Fax: (407) 994-3615 


Free Catalog 
For 
Connector 
Specifiers 


LEMO’s Pocket Catalog permits connector specifiers to 
quickly determine which LEMO connectors meet their needs. 
Catalog includes tables that are organized around the main 
elements needed to specify connectors: number of contacts, 
working voltages, amps, collet ranges to accommodate cable 
OD, shell styles and insulating materials. 
Connector families include mixed and multi contact con- 
nectors, environmentally sealed connectors, coaxial, triaxial, 
high voltage and plastic. 
LEMO USA, INC. 
PO. Box 11488, Santa Rosa, CA 95406 
Phone 707/578-8811, Telex 340-933, FAX 707/578-0869 
800-444-LEMO(5366) 


CIRCLE NO 776 


MICROTRACKER 


Real-Time Software Analyzer/Debuoger 


The MicroTracker™ can significantly reduce the 
cost of your next real-time product development 
project. Advanced features speed software devel- 
opment and enhance quality assurance. 
FEATURES 

@ 2K or 8K Trace Memory @ Instruction Disassembly 

@ Interval Timer for Z80, 8085, 6502, 

@ Performance Analysis 6802, 6809, 

@ RS-232 Interface 8031/8051, 80188/80186, 
@ IBM PC Software V40/V50 


mw Symbolic Disassembly 
@ Low Cost from $1295. Call for Free Brochure 


52 W. HENDERSON RD., 
COLUMBUS, OHIO 43214 
Weegee ADVANCES (614) 267-4405 


CIRCLE NO 779 


IBM 


| PC/XT/AT 


ce 


MIL-STD-1553 Interface Board 
For IBM-PC/XT/AT or Compatibles 
Dual redundant bus controller, remote 

terminal and monitor with powerful 
easy-to-use software. From only $2095 


Call now for data on MIL-STD-1553 and 
ARINC 429 for PC/XT/AT, VME and VXI 


Ballard! /(//M 121886 720s. 


Seattle, WA 98117 
Technology 206) 782-8704 


CIRCLE NO 782 


Free MSDOS & Mac 
Software Catalog for 
Electronic Engineers 


AC/DC Circuit Analysis e Active and Passive 
Filter Design e Screen/Printer & Pen Plotter 
Graphics for Engineers e LaPlace Transfer 
Function/FFT Analysis e Logic Simulation e 
Root Locus Analysis e CAD/CAE e Digital 
and Analog Signal Processing e Curve 
Fitting e Statistics e Thermal Analysis e 
Math e Microstrip Design and Analysis e 
Data Acquisition e VISA & M/C Accepted 


EV Professional Software 


2023 Chicago Ave., Stuite B-13  @ Riverside, CA 92507 
Tel: (714) 781-0252 @ U.S.A. @ TELEX: 6503089864 


CIRCLE NO 777 


EASY TO LEARN - EASY TO USE 

e Edit and compile while debugging in the IBM, PC/AT/XT 

e Access, display and modify variables with zero speed 
impact on 8096/196 microcontrollers. 

e Symbolic debugging with ASM96, PL/M96 & C96 

e Multiple hardware breakpoints. 


Fe Micro Systems, Inc. 


190 Admiral Cochrane Drive, Suite 301 
Annapolis, Maryland 21401 


(301) 269-8096 FAX: (301) 269-5624 
CIRCLE NO 780 


6800/6809 


809 MICROCOMPUTER MODULES f lor 
ontrol and monitoring. Interfaces _ 
g transducers, analog signals, 
: solenoids, relays, lamps, pumps, motors, 
keyboards, displays, IEEE-488, serial I/O, 
floppy disks. 


Be Wintek Corp. 
Ma wierec || 
347-742-8428 


800-742-6809 


CIRCLE NO 783 


Engineering 


Micro Modules | 


WHEN FLOPPY DISK AND HARD DISK 
CANNOT WORK... 


NEW: REVOLUTIONARY!!! 
* WITH REMOVABLE UNIT 


" * UP TO 3 LOGIC UNITS 
* SELECTABLE BOOTSTRAP UNIT 


$3: gad 


* BATTERY ON BOARD 
* USES LOW COST STATIC RAM 


ES-BOX-DSS: ACCEPTS RAM, EPROM, EEPROM, AND FLASH EPROM 
(PROGRAMMABLE ON BOARD) FROM 32 KBYTES TO 
$12 KBYTES (4 MBYTES EPROM). 


ASK ABOUT OUR FULL LINE OF INDUSTRIAL PRODUCTS!!!! 


ELETTRONICA SILLARO sri 


VIA MEUCCI, 11 - 40024 CASTEL S. PIETRO TERME - BO - ITALY 
TEL. 051/940609 - FAX 051/941737'- TLX $10160 ELSIL I 


WE ARE LOOKING FOR DISTRIBUTORS. 


CIRCLE NO 778 


Circuit Simulation 


File Edit Soteee Launch 
|e Sample.cir 


Select a Program to Launch 
b 
Edit Tent Files 


Launch SPICE 


isSpice <c> copyright intusoft 1983,80 
An adaptation of UC Berkeley SPICE 28.65 


fralysis of SAMPLE LASER DRIVER 


TRANSIENT ANALYSIS TIME = 1.000E-08 


u<S> = 1.625&+00 


CIRCLE NO 781 


g~ “ Telecom Design! 


GENERATOR 


M-993 lets you incorporate an MF-R1 
generator with a minimum of space, power, 
and additional components. 


@ Combinations of 700, 900, 1100, 1300, 
1500, and 1700 Hz tones 


@ 14-pin CMOS DIP 


@ Meets CCITT R1 and AT&T MF 
standards 


@ 3.58 MHz time base 
@ Single 5V CMOS low power supply 


Wiciiekrin 1-600-426-3926 
(In Washington State: 206-827-9626) 


TELTONE’ 


10801-120th Avenue NE, Kirkland, WA 98033 
CIRCLE NO 784 
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SYSTEMS ENGINEER 


The Williams Companies, Inc., a NYSE listed cor- 
poration engaged in the pipeline tranmission of 
natural gas, petroleum products and interstate 
digital telecommunications, is currently seeking 
systems software engineers to provide application 
development on DEC VAX computer systems. 


The qualified candidates will have a bachelors 
degree in Engineering, Math and/or Computer 
Science or equivalent related experience with ex- 
perience in systems analysis, design and support 
services for real-time, process control, operations 
research, database administration, and/or SCADA 
computer applications. 


Knowledge of DEC/VMS, Rdb, “‘C’’, CDD, Graphics 
is desired. Effective communication and inter- 
personal skills are required. 


If you are looking for a challenging and rewarding 
Career opportunity in a fast paced, dynamic environ- 
ment, The Williams Companies, Inc. is looking for 
you. We recognize and reward your contributions 
with excellent salary and employee benefit pro- 
grams. For confidential consideration, send resume 
and salary history to: 


The Williams Companies, Inc. 
Manpower Planning and Staffing 
P.O. Box 2400-WISC 
Tulsa, OK 74102 
An Equal Opportunity Employer M/F/H/V 


THE WILLIAMS COMPANIES, INC. IR 


Ushi Qt hissy bpp ts tT bE Piss dite stey sieht tle OPEL EEA 
UMM LEE EEE EEE KE 
Lie itd ip 


ee ee 


ME EEE 
YE 
tie ty ME 


CAREER OPPORTUNITIES 


Your Future 
Starts Here 


Call today for recruitment advertising information: 
East Coast: Janet O. Penn (201) 228-8610 
West Coast: Paula Compton (714) 851-9422 
National: Roberta Renard (201) 228-8602 
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THE NEXT FAMOUS VALLEY 
HAS BEEN A WELL KEPT SECRET, 


You've probably heard of, and perhaps even seen, Sun 
Valley, Napa Valley, Silicon Valley, Death Valley - maybe 
even Rudy Vallee. There's also alush green valley nestled 
between snow-capped mountains and the blue Pacific 
Ocean. It's the Willamette Valley and is the headquarters 
of Il Morrow Inc. 


We are the world’s leading manufacturer of LORAN naviga- 
tion equipment for land, sea, and air, and are now a wholly 
owned subsidiary of United Parcel Service. As a techno- 
logical arm of UPS, we are developing automated electron- 
ics and communication systems that will significantly im- 
pact the small package delivery industry, and have other 
commercial industry applications. This dynamic environ- 
ment, combined with dramatic growth throughout the 
company, gives you the opportunity for a bright future at || 
Morrow. We are actively seeking professionals with exper- 
tise in the following areas: 


SOFTWARE DESIGN 


Applications or system software engineers for real-time 
imbedded systems. 


HARDWARE DESIGN 


Digital hardware design, RF Engineer. 


MECHANICAL DESIGN 


Electronic package design, production tooling, optical 
systems design. 


MANUFACTURING 


Industrial and Manufacturing Engineers. 


Located one hour south of Portland, Oregon, in the state's 
capital, you'll enjoy a quality of life that includes a relatively 
low costofliving, year-round outdoor activities and excellent 
schooling. We offer a competitive compensation package 
and significant growth potential. You could help make this 
great part of the Pacific Northwest as famous as those other 
valleys. The first step is to send your resume to: 


Il Morrow Inc., Recruiting Dept., 
P.O. Box 13549, Salem, OR 97309 


UNTIL: 
=Z=MORROW 


INC. 


A UNITED PARCEL SERVICE COMPANY 
Equal Opportunity Employer 


For further information regarding our compan y and 
career opportunities, see the article on us in the current 
issue of EDN Career News. 
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Submicron process technology stands at the core of AMD’s Spheres of Influence: 
Microprocessors and related pernpherals, high-performance memones, program- 


mable logic devices, The World Network™ and office automation. 


If you don’t have a mission, 
you can’t make the journey. 


A lot of semiconductor companies know where they want to be. The successful ones know how to get there. 


Today’s AMD is focused like never before. We’ve carved out a mission designed to take us through the ‘90’s and beyond. We ntend to dominate through a 


specific business plan built on five spheres of influence: microprocessors and related peripherals, high-performance memories, and programmable logic 


devices—our successful ‘‘core’’ businesses—and the AMD ‘‘thrust’’ businesses, The World Network™ and office automation. At the center of it all stands 
our dedication to process technology, a commitment we’re backing with one of the world’s most advanced submicron development centers. 


The strategy is sound. The organization is in place. And they are backed by a commitment to the most advanced R&D environment in the US. If you’re 
looking for a company with focused markets, clear goals and the resources to achieve them, JOIN US NOW at our Austin and San Antonio locations. 


OPPORTUNITIES IN AUSTIN, TEXAS 


PRODUCT LINE OPENINGS: 
Sr. Design Engineers 


Will be responsible for major block logic design 
simulation and transistor sizing. 3+ years 
experience required in IC microprocessor design. 


Layout Designers 

Experience in CMOS digital or bipolar analog 
layout design on Calma or Mentor Graphics. Will 
work on state-of-the-art systems and designs as 
well as perform layout creation and verification. 
Junior and Senior Level positions available. 


Software Applications Engineers 
BS/MS with 4 + years experience. Must have 
ability to play a lead technical role in the definition, 
implementation and delivery of software products 
to support the Am29000 and next generation of 
RISC processors. Knowledge of ‘‘C’’ and real- 
time programming required. 


Product/Test Engineers 

Must have experience in VLSI CPU test and 
yield/speed upgrades. Will work on product 
development and follow into production. State-of- 
the-art high speed testers with EWS controllers. 
BSEE and 2+ years experience. 


Sr. Product Engineers 

BS/MSEE with 3+ years experience. Must be 
familiar with high pin count, plastic and hermetic 
device/package qualifications to mil-standard 
883-C. Will develop and qualify packages and pro- 
vide feedback to design, as well as provide hard- 
ware support and work to increase speed and 
yield. 


Technical Marketing Engineers 

Will develop long term silicon strategies and par- 
ticipate in product planning, definition and 
prioritization. Requires experience in hardware and 
software integration and/or microprocessor based 
system design and development. BS/MSEE and 
5+ years experience. 


Product Marketing Engineers 

Will develop and implement embedded processor 
product strategy for the GRAPHICS segment, 
LASER BEAM PRINTER segment or the 
STORAGE PRODUCTS segment. Design, 
development or marketing experience in specific 
segment required. BSEE and 3+ years 
experience. 


Telecom Marketing Engineers 
BS/MS with 3+ years experience. Requires 
telecom systems or IC experience. ISDN or 
SLIC/SLAC product lines. 


MANUFACTURING LINE 
OPENINGS: 


Section Manager—Process 
Development 

Must possess PhD EE/MSEE or related sciences 
degree. Requires 8 years direct wafer fab experi- 
ence with 5 years supervisory background. Must 
be familiar with photo, thin films, etch and diffu- 
sion. Understanding of devices and product 
analysis and reliability issues a must. 


Section Manager—Product 
Engineering 

MS/BSEE-Chemical Engineering or Physics. Re- 
quires 5-7 years experience with process/product 
engineering supporting our state-of-the-art wafer 
fabs. Must be familiar with CMOS/ NMOS 
products. 


Product Engineers 
BS/MS with 4 + years experience. CMOS-VLSI 
testing/failure analysis logic circuits. 


Process Development/ 

Device Engineer 

BS/MS with 3 + years transfer double-level metal 

process, characterization, modeling process/tran- 

sistors. Will develop process cross-sectional flows, 
parametric targets. (Days & 2nd shift available). 


Sr. Process Engineer 

BS/EE, Physics or Chemistry required. Diffu- 
sion/CVD experience required. Knowledge of SPC 
and process characterization is a plus. 


Sr. Process Engineer 

Must have hands-on experience with plasma etch, 
polysilicon, nitride, silicide, metals and oxide, as 
well as ability to install new etchers, process in- 
tegration, SPC/SQC, process transfer. Familiarity 
with submicron plasma etch process a plus. 


OPPORTUNITIES IN SAN ANTONIO, TEXAS 


Join us in San Antonio, where you can enjoy the scenic 
Riverwalk, professional sports, cultural events, live theater, 
as well as 5 major institutions of higher education. 


Equipment Maintenance 

Technicians 

Positions are in our Equipment Engineering Services 
department and are requiring 2+ years experience on fab 
equipment. Will maintain, repair and 

perform troubleshooting on wafer fab equipment in the im- 
plant, photo, etch and thin films areas. Requires an 
Associates in electronics or equivalent certificate. 


Process Engineers 

Opportunities are available for engineers in wafer fab pro- 
cessing in the diffusion, thin films and photo areas. Requires 
two years’ of process engineering experience in the areas 
stated above. Bachelors degree in Electrical Engineering, 
Physics or Chemistry. 


Production Supervisors 

(Etch, Thin Films, Diffusion or Photolithography) 
BS/MS with 2+ years supervisory experience. All shifts 
available. 


Please send your resume to: Advanced Micro Devices, 8611 Military Dr. West, San Antonio, Texas 
78245, Attn: Annette Olmsted. You may also call toll free 1-(800) 547-7469, ext. 131 or dial direct (512) 
647-6131. You may also FAX your resume to (512) 647-6492. An Equal Opportunity Employer. 
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Sr. Process Engineer 

BS/MS EE or Chemical Engineering required. Ex- 
perience in photo sustaining, positive photoresist 
process experience, SPC, 5X steppers or IX PE 
scanners. Process work with new transfer of one 
micron and submicron technologies required. Must 
be available for off shift. 


Sr. Facilities Engineer 
HVAC background required with piping, clean 
room and 4 years experience in a semiconductor 


atmosphere. BS ME required. 


Process Engineer—Photo (or) Etch 
BS/MS with 2+ years experience. Will sustain 
processes on off-shift. Familiarity with steppers 
(GCA, ASM, P&E or 500/600). Prefer AME, 
LAM or Tegal etchers. 


Process Engineer—Thin Films 
BS/MS with 2+ years experience in CVD, Sput- 
ter, PECVD, and Ion Implant. Possible off-shift. 


Sr. Process Engineer 

BSEE/Chemical Engineering or Physics required. 
Plasma etch with 3-4 years experience in wafer fab 
with SPC, statistical design of experiments and 
RSI. Will sustain production line in etch and 
troubleshoot equipment. Yield and reliability 
background a must. 


Equipment Maintenance 
Technicians 

Associates degree. Photo, stepper experience 
required. 


Product Engineering Technicians 
Prefer Associates degree with 2+ years semicon- 
ductor experience. Experience in computer opera- 
tion, deprocess wafers for failure analysis, and pro- 
cess chemicals is a plus. 


ALL POSITIONS REQUIRE 
SEMICONDUCTOR 
EXPERIENCE. 


Please send your resume to: Advanced Micro 
Devices, Department MS-556-EDN, 5204 E. 
Ben White Blvd., Austin, Texas 78741. You 
may also call toll free 1-(800) 531-5202, ext. 
5355 or FAX your resume to (512) 462-5108. 
For manufacturing line openings, ask for Pamela 
May or Ed Moore. For product line openings, ask 


for Paul Maack. 
Advanced 


ra 


Devices 


Expand your spheres of influence 


World Network is a trademark, and PAL, the AMD logo and 
Advanced Micro Devices are registered trademarks of Advanc- 
ed Micro Devices. All other trademarks belong to their respec- 
tive organizations. © 1989, AMD. All rights reserved. 


An Equal Opportunity Employer. 
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EK n LI hee rl nh 2g Manager, Production 


Pacific Rim 


To direct production, distribution and marketing opera- 


Opportu Ai ties tions for Pacific Rim: coordinates production, distribu- 


tion, warehousing and selling activities. To develop plans 
for efficient machine, manpower and material utilization. 


Bendix/King avionics systems and technologies set To schedule procurement of raw materials and semi- 
standards for the industry in flight controls, electronic flight conductor components to become just-in-time inventory 
instrument displays, communications, navigation and control. To establish, define and monitor production test 
identification systems, color weather radar, data link systems quality control unit operations. To participate in setting 
and new technology TCAS (Traffic Alert Collision Avoid- up the satellite simulation system for better testing con- 


trol. To develop and establish a database for statistical 


wus aa process control (SPC). To coordinate technical com- 

Originally formed in 1959, Bendix/King, now a sub- munication between the engineering function and the 
sidiary of Allied-Signal Aerospace Company, continues to Pacific Rim manufacturing operations. To coordinate the 
offer exceptional opportunities to talented engineers in the marketing research for Asia. To coordinate developing 
field of avionics. With new state-of-the-art products such as and implementing marketing strategy in Asia. Requires: 
the Vertical Profile and the LORAN C navigation system, we MBA and BS in engineering. One year experience at 


managerial level with relation to material procurement, 
material and marketing in Pacific Rim countries including 
six months experience in production control with the use 
of just-in-time inventory control and material resources 
planning. $47,500 per year. Please mail resume to: 


cordially extend an invitation to you to join our team of 
industry-leading professionals. Exceptional engineers, with a 
BSEE or a BSCS and experience in the following areas can 
expect prompt confidential consideration for these avionics 


opportunities: Colorado Department of Labor and Employment, 
600 Grant Street, Suite 900, Denver, Colorado 
VAX SOFTWARE ENGINEER 80203-3528 and refer to order number CO3052703. 


Design, develop and verify real-time imbedded micropro- 
cessor software. Support the area of language operating 
systems, CASE tools, standards and practices development. 
Tool design experience is preferred. 


ELECTRICAL ENGINEER 
ee ae 
Design and develop L-Band Antenna and receiver staff ing solutions 
circuitry for the most Advanced Global Positioning System Our national search assignments require Elec- 


tronic/Mechanical/Computer Eng Professionals 
seeking career challenges as: 


CEO/PRESIDENT/CFO/VP/MANAGER 
SOFTWARE ENGINEER e Analog/Digital/RF Design Engineer 


e Power Supply/UPS Design Engineer 
¢ Mechanical/Packaging Design 


ever developed. RF experience is essential. 


Create and integrate real time target software for 


compact, sophisticated navigation products. Requires 4 Engineer 
: sep ee ee f l WA aieaVercuit di ¢ Optical Projection Design Engineer 
experience in the design of analog and digital circuitry and in ° SH iaelhcd Engineer 
C/Assembly language. : e Reliability/Quality Engineer 
/ oie ate © HW/SW/System Test Engineer 
MECHANICALENGINEER ° STIR ETA MITES 
ngineer 
Design optimization of precision assemblies, vibration Salaries from $30,000 to $125,000 
: F ‘ Contact David W. Hardiman, Vice President 
and heat transfer analysis, CAD, FEA and packaging. Skills 4505 N. Channel, Portland OR 97217 
in project leadership, flight controls and indicators is (503) 265-6560 » FAX (503) 285-6150 
important. 


Bendix/King offers an excellent salary and benefits 
package; including a 401K, in a progressive environment 
where recognition of innovative approaches to design and 
professional growth is encouraged. Our convenient and 
affordable Kansas City suburban location is coupled with a 
comprehensive relocation package. Please send your resume 
and salary history for immediate attention to: 


If you’re looking 
for work, 
just look here. 


Tim Griffin, Supervisor Salaried Employment 
BENDIX/KING , General Aviation Avionics Division, 
400 N. Rogers Road, Olathe, Kansas 66062-1212 
An Equal Opportunity Employer 


Allied-Signal Aerospace Company . 
aie ee GS ee ee ee 
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7 TECHNICAL 


at 


OPPORTUNITIES 


Tandy Corporation, an innovative leader in the electronics industry, 
is seeking professionals with vision and experience for the following positions: 


CONSUMER ELECTRONICS 
DESIGN 


ANALOG DESIGN ENGINEERS—Requires BSEE or 
BSEET with 1-5 years experience in RF, audio, video, passive filter 
design, and remote control applications. Must be able to develop 
consumer electronic products and assume full project responsibility 
from inception to factory implementation. 


DIGITAL/ANALOG DESIGN ENGINEERS— 
ote pales BSEE and 5 years experience in analog and digital circuit 
esign. 


DIGITAL SOFTWARE DESIGN ENGINEER— 
Requires BSEE plus a minimum of 5 years experience designing 
digital logic, utilizing single chip 8 Bit MCUs and developing single 
chip MCU software in small memory environment. 


PRODUCT EVALUATION/TEST 

ENGIN EERS— Requires BSEET or BSEE with 7+ years 
experience testing consumer /commercial products to meet design 
specifications, UL, CSA, FCC Part 68. Develop test specifications 
and procedures. A.T.E. experience helpful, but not required. 


PERSONAL COMPUTER 
SOFTWARE DESIGN 


e BIOS DEVELOPMENT ¢ MSDOS SYSTEM SOFTWARE 

e WORKGROUP SOFTWARE ¢ OS/2 * MS-WINDOWS 

e USER INTERFACE & HUMAN FACTORS 

¢ GRAPHICS BASED SYSTEMS SOFTWARE 

¢ COMPUTERS FOR THE HOME ¢ EDUCATIONAL SOFTWARE 
SOFTWARE ENGINEERS—Requires a BS or MS degree 
and experience in MS-DOS, 8086/80386 assembler, C, or Apple 
Macintosh programming. 


SOFTWARE TEST ENGINEERS—Requires related 


Bachelors degree, 3 years working experience on PC's, or related 
Associates degree and a working knowledge of PC’s and 
applications. 


In addition to high visibility and unique 
procs challenge, Tandy Corporation 
provides very competitive salaries and excellent 
company benefits which include 

Stock Purchase Program and Deferred Salary 
Investment plan (both with up to 

80% matching contributions) along with 
relocation assistance. 


TAMDY 


PERSONAL COMPUTER 
HARDWARE DESIGN 
EMI/EMC ENGINEER—Requires BSEE plus 5 years 


engineering design experience and a minimum of 2 years 
EMI/EMC experience. 


PROJECT ENGINEER—Requires BSEE plus 4 years 
experience in design and testing of hard disc drives and drive 


controllers, including MFM, RLL, SCSI, IDE-AT, and ST-506. 
Diagnostic software skills preferred. 


ELECTRICAL ENGINEERS—Requires a BSEE and 2-5 
ears experience 1 aiataieg computer design, pee including 


TEL 80286/80386 design. Simulation and ASIC design experience 
desired. 
ELECTRONICS 
MANUFACTURING 


PLANT MANAGER— Requires related engineering 
degree (MBA preferred), plus successful P/L experience in a 
$20MM plant with at least 200 employees. Knowledge of statistical 
analysis of quality and reliability Se necessary. Experience 
preferred in one or more of these areas: Printed circuit board 
assembly; robotics applications in an electronics poe 
environment; wire drawing and cable assembly; high-volume 
electro-mechanical assembly. MUST BE WILLING TO RELOCATE. 


MANUFACTURING TEST ENGINEERS- 
HARDWARE/SOFTWAR E—Requires BS degree and 4+ 
years test experience in a high-volume, high-tolerance electronics 
manufacturing environment. A.T.E. interface design and software 
skills are necessary. 


PURCHASING MANAGER—Requires prior 
experience in qualifying and sourcing both off-shore and U.S., 
negotiating prices, delivery schedules and assuring qualit 
standards are met. Must be experienced in small parts, sub- 
assembly and peripheral equipment buying for a high-volume 
environment. 


cq = Please forward resume, indicating salary 


expectations and position desired to: 
Human Resources, Dept. ED1123, Tandy 
Corporation, 1200 Two Tandy Center, Fort 
Worth, Texas 76102. 


You may also Fax your resume to: (817) 390-2104. 


TECHNOLOGY 


Lat 
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As an equal opportunity / affirmative action employer, qualified minorities and females are encouraged to apply 
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a analysis techniques 1 iS ies 


se mechan: power and/or ¢ communications sub- 


~ - Several opportunities exist for Communications Systems En, 
- to perform system engineering duties including generation 0’ 


: tel been a world leader i in the pene and staan eke of antes for Se and Seatereet communications, including 
long-term, boreal ne aes such a as s the ee of say se Mars Observer, sco NE 4 and i UARS. . eis pipes | the 


os 5 years experience Cisne este a 3-axis and 
tum n bias control eee and a eee. oe 


: communication antennas, puchag - expertise. in i composite for 
— reflectors/feed tower structures, feed network layouts and RF 
components. A background in poets mechanical/thermal 


. Satellite Antenna Electrical Deus: 


You'll design spacecraft antenna systems including multiple 
shaped-beams as well as feed arrays, networks and reflecto 
Interfacing with electrical and mechanical design teams, yo ll 

ants antenna wepees while Pen: in beets rr 


ee Spacecraft Integration & 1 est : 
‘You'll need at least 3 years experience in the i integration, 

verification and launching of spacecraft. Developing test pl 

7 procedures, you'll define hardware 1 requirements and eval 

_ results. You must possess familiarity with spacecraft syste 


oy Satellite Coat pinatinns cee 


specs and test requirements, I&T: support, and launch/missi 
operations. A minimum of a: years veneaend is Tee. 
Opportunities exist ig : 


eg ege © 


Electrical Eodacoe. Hesponsbilines include eee 
system electrical architecture design with emphasis on CHE, 
harness and power sub-systems. 2 : 2 


Spe er Tica Spee a 
oo oo Yl need a BSME and a minimum of 3 years experience | in he ao 
: Mechanical Engineers—Inv ake : di in varmueneient re _ = : mechanical design and analysis of spacecraft thermal systems, ‘bath : - 
2) design teas ineladhan <taciare propulsion, thermal eR : active ; and passive, including the construction of detailed multi-node - = 
*: andlauncl -velvicle ialereces , computer models. Develop control techniques/placement of | 

_ fadiators, heaters, thermal finishes and multi-layer insulation. Abu 
~ Mission Operations Engineers— ‘To be involved in planing must be familiar with test temperature prediction and balance 
and conducting missions. Strong software experience is required. esting of saa as well as spacecraft-level hardware. 


Our New Jersey location offers all the advantages of nenby Prncetia: siichil easy access to New York City and Philadelphia, where youll - 
experience a lifestyle that complements your career, offering unlimited opportunities for personal and professional growth. As the largest 
employer of engineers and scientists in the world, GE provides exceptional salaries and benefits. Please forward your resume, in 
professional rian to: GE AStEO soe Employee Oe, oes Box 800, Princeton, New Jersey poe gae 


GE Astro Space 


Cross the engineering frontier 


The Easy Wa 
Drives Intelligent 


An FC-1, small enough to fit inside a 3.5” FDD, 
has the intelligence to handle device-independent 
control of 3.5 and 5%” FDDs for the host computer. 
At its best with 4MB perpendicular recording 
method drives like the TEAC FD-235J, and equally 
happy with formats down to 0.5MB, it is compact, 
lightweight, and competitively priced. Also offer- 
ing expansibility and reduced host loads, the FC-1 
is ideal for the widest possible range of 
applications. 

TEAC FDDs with built-in FC-1 SCSI controllers, 
including the FD-235HS and FD-235JS, are also 


available. 
CIRCLE NO 107 


FDD SCSI Interface 
Controller 


FD-235J 
3.5” Micro Floppy Disk Drive 


TEAC CORPORATION 3-7-3 NAKA-CHO, MUSASHINO, TOKYO, JAPAN TEL: (0422)52-5041 TLX: 2822451 FAX: (0422)55-2554 


Hong Kong, Nissei Sangyo Co., Ltd. Hong Kong Branch Tel: 3-343441-6; KARIN ELECTRONIC SUPPLIES CO., LTD. Tel: 3-898252 HSingapore, NISSEI 
ELECTRONICS, LTD. SINGAPORE BRANCH OFFICE Tel: 2357900; UAC SINGAPORE REP. OFFICE Tel: 2922608 HINew Zealand, DATAMATIC 
NETWORKS LIMITED Tel: 09-444-0760 MliAustralia, AWA DISTRIBUTION Tel: 02-888-9000 MlIndonesia, CHUGAI BOYEKI CO.,LTD. Tel: 370824 
Philippines, COMPEX INTERNATIONAL INC. Tel: 213020 Mindia, Priya Electronics & Chemicals Limited Tel: 2863611 MiKuwait, Bader Al Mulla & 
Brothers Co. W.L.L. Tel: 2423250 BUnited Kingdom, TEKDATA LIMITED Tel: 0782 577677; Data Peripherals (UK) Limited Tel: 0785 57050 HIF.R. Germany, 
nbn Elektronik GmbH Tel: 08152/390 MAustria, nbn Elektronik GmbH Tel: 0316/40 28 05 MiNetherlands, SIMAC DATA B.V. Tel: 040-582933 HiBelgium & 
Luxemburg, SIMAC ELECTRONICS SPRL/BVBA Tel: 02/252.36.90 HiFrance, TEKELEC AIRTRONIC S.A. Tel: (1)4534-75-35 Mlltaly, A.E.S.S.E. S.p.A. Tel: 
02/54.64.741 MSpain, ATAIO INSTRUMENTOS S.A. Tel: 733 05 62 HiPortugal, BASF PORTUGUESA LDA. Tel: (351) 1-562511 EiSwitzerland, WENGER 
PERIPHERALS AG Tel: 01/830 75 55 HDenmark, Dansk Binzer Teknik A/S Tel: 03/66 20 20 BiSweden, MACROTEC AB Tel: 08-733 02 20 MiNorway, 
SCANTELE A/S Tel: (02)65 69 20 EiFiniand, INSTRUMENTARIUM CORPORATION Tel: 90-528 4338 

*/f no distributor listed above is in your area, please contact us directly for further details about our products. 
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Formst Hele Quit 


If you purchase, specify, stock, or sell ICs and semiconductors, you an 
need fast answers to important questions. And you probably rely on : 
bulky reference books and hand-me-down catalogs to get them. 


Now there's a better way. It’s called the CAPS/IC™ system. 
An affordable, easy-to-use tool, CAPS/IC gives you instant access to 


vital information on over 425,000 a ca eer 
ICs and discrete semiconductors CAPS/IC searches IC-memory 
hs th made by more than 400 companies Components to find 64k SRAMs. 
worldwide. a : 
CAPS/IC can help you: aa 


— Identify alternate sources 
— Pinpoint equivalents, upgrades, and 
downgrades 
— Find mil-spec parts Seo 
— Identify and look up obsolete components _ Discontinued SR64K1-35C and 
— Conduct parametric and keyword searches = -35D are flagged with a “D” 


— Obtain price range information 


_ Updated monthly, CAPS/IC packs millions of IC facts on a single lean 7 lanl 
- CD-ROM (Compact Disc — Read Only Memory) disc. Available = 

- ona subscription basis, CAPS/IC includes the use of a CD-ROM a 
reader that simply plugs into your IBM® PC/AT™ or compatible 

personal computer. 


Learn more about how CAPS/IC , 
Asked to list upgrade parts, 
can put all the IC info you need CAPS/IC finds six devices. 
at your fingertips. To arrange a 
demonstration or to request 
more information, call or 
write: CIRCLE NO 108 


siebiasiinneatenianeiedietiontd 


Siepieg upgrade gerte far cerrest apecific part. 


C An Bek bo RS 


Computer Aided 
Product Selection 


Cahners Technical Information Service 
275 Washington Street 

Newton, Massachusetts 02158-1630 
Telephone: 617-558-4960 

Facsimile: 617-969-6949 

Telex: 940573 


Toll-free: 
800-245-6696 


SEE US AT WESCON ’89, BOOTH #1532 


IBM is a registered trademark and 
International Business Machines Corporation. 
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2.5KHz to 500MHz 250m only $ 199 


POWERFUL up to +23dBm undistorted output + Packed with these super performance features, 22dB flat gain 


ak | and a typical VSWR of 1.3 to 1, the ZHL-6A amplifier is ideally 
FLAT within 1dB over the entire band. 2.5KHz to 500MHz suited for your latest broadband systems designs. And where 


space Is critical, its height can be cut in half, to only 0.9 in., by 
UNCONDITIONALLY STABLE regardless of load removing the heat sink and attaching the unit to your chassis. 


ss a : Running tests in your lab or on the production line covering all 
DAMAGE-RESISTANT builtin OM Se a cee or segments of the 2.5KHz to 500MHz range and need more 
output from sweep or signal generators? It’s not necessary to 
RUGGED operates from -55 to +85°C, withstands | purchase and connect/disconnect an assortment of amplifiers 
shock and vibration, ground equipment = when the ZHL-6A does it all...at an attractive price of only $199. 
For a super price/performance amplifier, order a ZHL-6A, 
COMPACT only 3.75 by 1.8 by 26in. available for immediate delivery with a one-year guarantee. 


finding new ways ... 
setting higher standards 


[7 Mini-Circuits 


A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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F127 RevA 


Introducing the [R2110 FI ves  Lhisis powerful 
high-voltage, bridge driver. LeVE stuff. Each output 
The high side and can drive up to 2A. 
the low a aeokencaniat . Withits dv/dt 
Without the Receive TOLOAD  yMMuNIty 
= mele LOWIN = .. ~— . 

t wor <i a ost inde- 
off-line, any- B\ 2 com” structible. 


where worldwide. Inp puts are LSTTL 
and CMOS create With two 
independently controlled outputs 
to drive upper/lower HEXFET™ 
and IGBT power supply and motor 
control circuits. 


Allat frequencies well above 1MHz! 
Of course you won't be needing 
transformers, optical isolation or 
60% of your drive components. 
That’s the beauty and simplicity of 
this 500V bridge driver. Just adda 


CIRCLE NO 112 


diode, aresistor, a capacitor and 
the design’s complete. 

The IR Revolution has reached 
the bridge. The bridge between 
control and power. 

Cross over. Call us at (213) 
607-8899 and ask about the 
IR2110 Bridge Driver. 


LZ 
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BURIED IN PLD TEST VECTORS? 


GENERATE THEM AUTOMATICALLY. 


NEW PLDtest® Plus software from 
Data |/O® can eliminate weeks of 
tedious work, generating a thorough 
set of PLD test vectors in minutes. It 
produces the highest fault coverage 
of any automatic test vector genera- 
tion (ATVG) software, with the 
minimum number of test vectors. 
And with its fault grading capabilities, 
PLDtest Plus™ evaluates fault cover- 
age, pinpointing areas of the circuit 
that need redesign or additional 
vectors for full testability. 


PLDtest Plus supports both 
non-preloadable and preloadable 
registered devices, as well as 
combinatorial devices. This means 
you can choose the device that 
meets your fault coverage require- 
ments and that is best suited to your 
test environment. And you can run 
the test vectors on any industry- 
standard logic programmer, such 
as Data I/O's UniSite™ Or, use our 
translator as an automatic link to in- 
circuit testers for on-board testing. 


Data |/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 867-6899/ Telex 15-2167 


Data I/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 
Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866/Telex 16616 DATIO NL 


Data !/O Instrumatic GmbH Lochhamer Schlag 5A, 8032 Frafelfing, W. Germany, 089-85-85-80 
Data I/O Japan Sumitomoseimei Higashishinbashi Bidg., 8F, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan 


(03) 432-6991/ Telex 2522685 DATAIO J 
©1989 Data |/O Corporation 
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Call us today for your 
FREE PLDtest Plus 
demonstration disk, 
and get the auto- 
mated solution 
to PLD testing. 


1-800-247-5700 


Ext. 309 


DATA I/O 


Corporation 


